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INSPECTING PARTS at FORD PLANT 


See Page 189 











NOW READY! .. . The Facts About 


Pressure Compensation in Flow Meters 




















Remember . 


A flow of steam, ; 
lbs. pressure, will 
1% each time the pre 
sure varies only 2 lbs.! 
A flow of air or gas at 
the same pressure, will 


\ vary 23% each time the 
pressure varies only 5 

| —~ 

e lbs.!| Foxboro Pressure- 


Compensating | 
Meters will protect 
against metering errors 
caused by pressure varia- 
tions. Get the facts. 
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ecity genuine Foxboro Humitex Charts—made from paper produced with VERIGRAPH Moisture control. They hold their dim 
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Greater Accuracy 


and Quicker Response 
for Separable Well Tube Systems 


New Taylor Thermospeed construction makes these 








systems more efficient than ever before by (1) speeding rs 
up response to temperature changes at the bulb; and i 


(2) reducing bulb conduction error to new low point is saan gcalaciannctedl 


\ HEN Tavlor Engineers developed the hardly worth thinking about any mors closer reg tion for Tavlor C 
new Tavlor Phermospeed for separ- Instead of allowing the temperature of It pav vou to teal 


vell svstems, thev did a complete job the b mounting « f the supp g | | ( 

recognized the evil ot sluggish wall to influence the bulb temperat lTe the Ol 11 \ separal Well fT e svst \ 
response to temperature changes at th TavlorThermospeed construction decre 
| So they produced a svstem that is six the conduction of heat between bulb and ture control and more eff 
times faster than the average separable mounting wall so that there is no error in no} | production of finished 3. a 
\ em now In service trans i | | ep () 

But they did not stop there. T] ent Ree ( | » |] l ( 

( her ¢ | bi Ib ex d CUION ¢ I sVs I . s ( N N \ | ( 
And leveloped a construction that re luces temperature of the fluid being measured \I . Cire B , \ 
t ( to egligible quantity ACCURACY and SPEED—these are Mas Ltd., I mn, E 
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QUICKER RESPONSE — THIS CHART shows GREATER ACCURACY—This chart (above) shows clearly how Taylor 1 
irative speeds of response of various types of Conduction Error far below that allowed by conventional types of Separable We 
perature responsive svstems plotted to an arbi- 
scale. The comparisons were made with bulbs 


a ee eer : 
dard wells and in a thoroughly agitated 


+} 
h the time of response for a conventional tube 
tem as 100, the Tavlor Thermospeed responds 


€ same temperature change in only }4 of the 





Indicating . Recording . Controlling 


Note the superior speed of response of the 


mospeed System as compared to a thermo- 


cand a resistance thermometer of gooddesigen. TEMPERATURE, PRESSURE AND FLOW INSTRUMENTS 
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JOSEPH J. VIGNEAU 


N a Pittsburgh hospital where for harrowing months 
I of sleepless nights and agonizing days he had valiantly 

fought the inroads of disease, death came to Joseph J. 
Vigneau, President of the Instruments Publishing Com 
pany. Because of his self-effacing nature, he was but a 
name to the great majority of our readers; and it is be 
yond the power of our pen to convey to them an adequate 
appraisal of Joe Vigneau’s combination of charm and 
strength, of his numerous qualities as a business man, as 
a civic man, as a family man, as a Man. 

Born in Detroit, of French-Canadian stock, Vigneau 
was educated in that city, graduating from the Prepara 
tory School of the University of Detroit. Gifted with a 
flair for publicity, he became a theatrical press agent 
When President McKinley was shot in 1901, the com 
pany Vigneau served was playing Canton, Ohio 
McKinley’s home town. The mayor declared a_ two 
weeks’ mourning, and the dramatic troupe disbanded. 
With a few dollars in his pocket, young Joe went to the 
railroad station and bought a ticket to “the farthest place 
where this money will take me.” Thus he came to Pitts 
burgh—unknown, penniless, but with banner flying high. 
Within two decades all Pittsburgh was taking pride in 
“our leading industrial publisher” and begging him to 
Joseph I. Higneau serve on the boards of numerous organizations. 

Soon after Vigneau came to Pittsburgh—at the age of 
twenty-five—he founded the Keystone Consolidated Pub 
lishing Company and issued annual catalogs and dire 





horn in 


i ‘ies servi » mining arrving ; ‘tallurgical 
Detruit tories serving the mining, quarrying ind metallurgic 
industries. His “one-man company” became a famous 1n 

July AC, 1877 stitution. In 1925 it was purchased by the McGraw-Hill 


Publishing Company, and for two years Vigneau devoted 
himself to traveling the civilized world, but in 1927, back 


Died in in Pittsburgh, he felt the urge to re-enter the field of 
industrial publishing and, hearing that Richard Rimbach 

Pittsburgh was organizing the Instruments Publishing Company, he 
‘ acquired an interest in it. In 1929 he extended his hold 
July 1, 1936 ings in the firm and became its President and Business 
Manager. He kept it steady as a rock during the depres 

sion... Here emotions fill our eves with tears, rob us of 


words, and paralyze our hand 
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No. 11 No. 12 
EVERETT LeROY GAYHART HORATIO CLAY SEXTO! 


Ci mmander. (CC). U. 5. Navy § eu. Commander, ‘(eB U. 2. Navy 


N visiting a plant where Jnstru U. S. NAVY YARD the Battle Fleet each summer 


| ments’ subseribs rs work, our WASH I NGTON. D. c. thre war. \ vear of post eraduat 


° ] . } ~~ + ° 
purpose usually is to ge in arti at Annapolis and two more at \ 
} } 2 ] { ] 2 -] ° ° 
e abou e results of their work determined that his career wo 
; . oc 
he result t] ork ¢ f ry M. F. tHA ' . 
Lhe re Ss ol ie Work ee Tnstru By 1 I BI H AR in the Construction — ( orps C 
ent I . rs at the Washing 
“ Sib y ae ribs ) ) - ws - 1923, when not at sea, he has 
iv\ irda) mUSt be ept secret, ane j . 
i + \ Kentuckian by birth. Command at various navy vards and _ taught 
in visiting this great establishment = bee : : 
er Gavhart studied at Case (’07-'09 engineering at the Academy. A 
our purpose Was to give, not to , : : Aye f ‘ 
i] and at the Naval Academy ('09-13). ago he joined Commander G 
wet. However. while idmiring vari : ° : 
; os 7 Followed two vears of sea duty, two and has already done work 
ous engineering marvels” on_ blue ; : : 
prints ind in the making, we came Years ol post graduate work at portance to future naval progres 
. ’ . ) . ry’ . 
to feel that you would enjoy “meet M.1.T.. and two vears as war-time (P. S. This two-man team fun 
Ing on this page) vour fellow-sub inspector of aircraft materie l. Since tions under one of Instruments’ most 
seribers whose inventive skill and 1916 he has served in the Naval eminent subscribers, Captain Ernest 
patriotic ze al produce these engineer Construction Corps and now directs F. Eggert, the Construction Of 
ing marvels for vour protection several important research and de of the Navy Yard and Office: 
Space does not permit “introduc velopment projects. At his home he Charge of the Experimental Mod 
ng” all of these devoted naval offi rides such scientific hobbies as chem Basin, who in addition to his 
cers and civilian experts, but here ical analysis of minerals, schlieren fessional attainments has won 
ire two whose work with instruments photography and photomicrography. also as a mathematician, as 
at the U. S. Experimental Model Lt-Com. Sexton, a native of Indi signer-builder of astronomical instt 
Basin (see brief list) will interest ana, was in the Academy's “speed ments and as an authority on 
their colleagues in industry. up” Class of ’20. going to sea with peller design. ) 


— SOME OF THE INSTRUMENTS USED SS 
BY COMMANDER GAYHART AND 
LIFUT.-COMMANDER SEXTON 


STRUCTURAL TESTING LAB 


Baldwin-Southwark 600,000-Ib testing 
machine with automatic stress-strain record 
er-controller; 

Baldwin-Southwark 20,000-Ib. testing ma 
chine with indicator-controller desk 

Strain gage calibrator; 

Huggenberger and Tuckerman extensome 
ters: Kenyon break extensometer; 

Rec ording extensometer using standard 


microscope slides 


PROPELLER-TEST WATER TUNNEI 


Pressure control and indicating gages; 

Differential manometers & cathetometer; 

ERPI high-speed camera; 

Model Basin type high-speed camera; 

Edgerton Type 548-A_ stroboscope; 

DuMont No. 148 C-R oscillograph; 

Westinghouse Osiso oscillograph & Type 
PA universal oscillograph; 

Piezoelectric & other CRO pick-ups; 

CRO amplifiers, etc.; 

Motor-generator with unique automatic 
voltage-regulation equipment. 


MODEL BASIN & SHIP TRIALS 


Photographic theodolites for ship turning 
circle data; 

Two-component vibration-recording appa 
ratus, vibration-recording camera, multiple 
chronograph, etc., for full-size ship tests; 

2 Losenhausen vibration generators; 

Ford inductance-balance torsiometer; 
Stroboscopic torsiometer 


EXPERIMENTAL DIVING LAB 


Apparatus for simulating depths up to 
300 ft.; 

Hydrogen detector; 

Air flow recorder; 

Recompression chamber & accessories; 

Biological & biochemical lab. equipment; 

Van Slyke blood gas apparatus 





MISCELLANEOUS = 


Commander Gayhart (standing) and Lt.-Com. Sexion (at pressure and flow-rate instrument stat! 








Equipments for microscopy, photography front of an observation window of the unique variable-pressure water tunnel where propeller mod: 
(incl, infra-red & color), half-tone engray subjected to conditions simulating actual service and photographed with high-speed cameras (located 
~~ ing for offset process, etc. _ this section of the tunnel), while oscillographs measure effects which escape photographic detection 
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HE MONTH'S NEW 








High-speed Production 
Wire Tester 
sid production testing of wire 
this instrument 
un indicating 


Ibs. ) new has 
unit (guaranteed 
with three 


ranges: 


scale 


4 rect 
aoe ) 


ind 0 


?O.000 Tbs. read 


0-10,000 


ing 
in units of 5, 


20 and 50 


respectin ely 


Ibs. 
Gripping heads, 
entirely open to 
the front, per 
moiit speedy lo 
cation of speci 
men in gripping 
Another 
refinement lo 


jaws 


cates specimen 
in the center ot 
the wedge grips 
Loading 
mav be regu 


spe eds 


lated in stepless 
from 
min. : 


intervals 
zero tos 
return speed of 
min. Lower ad 
sting bead has a separate motor drive, 


jredbie Hye ia Is = 


in in adjusting speed of LO” /tin 
een the gripping heads is 
min. Apparatus is hydraul 

One 


e loading speed 


nee bet 


ro to 36 


handwheel controls 
the return of the 
Cl vripping lhe id Riehl Dik lm 


\ Metals Mfa. ( orp., Kast Me 


driven 
ind 


Vacuum-tube Galvanometer 


Named by reason of the similarity of 
with that of the familiar 
the Vacuum-Tube Galvanome 
1 general purpose instrument for 
s a null indicator in all potentiome 
\ compact, self-con 


] 
raiva 


} 


fis 


measurements. 


ined unit adapted for measuring sys 


ms of high 


resistance (¢.q. 10!° ohms) 


nd those easily polarized, with the same 
simple technique and sensitivity (0.1 mil 





) as for all ordinary systems, the 
vacuum-tube instrument 
in conjunction with type of 
Said to be simpler and 
re convenient in use than an ordinary 
nometer, it cannot be easily harmed 
1 untrained or careless operator, and 


may be 


InN 
entiometer 


expected to replace ordinary galva 


eters and electrometers ina 
nety of applications. Hellige, Ine 
Vorthern Blvd... Lona Island Citu 


also 


OP O00 
a9 ’ 


In this department we strive to re- 
port each month ALL the new devices 
for measurement, inspection, testing, 
metering and automatic control—in 
the form of concise technical descrip- 
tions. 


When 
directly, please mention this depart- 


writing to manufacturers 


ment as your source of information. 


Or write to Information Section, 
Instruments Publishing Company. 








Photocell Control Outfit 


New “Model 729" photoelectric control 
outfit, desig for difficult 
ditions, is ipplicable to industri 


ned service Con 


con 


trol applications such as counting, sor 
Ine ind \ elghing devices, processit 
control, safety cut-offs, alarm irnings, 
ete., in which interruption of a light 
beam provides the initial impulse fon 


closing an electrical circuit 
Weston photocell ot high 


characteristics in-oa protective 


opening or 
It consists of 
output 





mounting, unit in 


the complete relay 
light 
intensity of 


separate ind a SOUTC 
of standard design. A light 


100 


panel box, 
foot-candles falling on the cell pre 
vides adequate energy for positive oper 
tion of the relay 
the 
quired. Output capacity of the new relay 
that lations 
ean be handled directly. The relay is 
ranged for single-pole, double-throw op 
eration, with an overall speed of response 
of O.15 Positive the 


it speeds 400 operations per minute 


svstem in contrast 


200 foot-candle level formerly r 


is 500 watts, so most insta 


sec. iction of rela 


permits iutomatic control of high speed 


industrial processes for which the pre 
vious outfits were unapplicable. A micro 
ummeter indicates the level of illumin 
tion reaching the photocell. Both the 
initial sensitive relay and the secondary 


power relay are said to be of simpler 


ind more rugged construction than = in 
previous units. Mechanical improvements 
in mounting and case design, such as use 


for mounting 


said to 


of a threaded back 
of photocell, ire for 
plicitv in installation and maintenance 
Weston Electrical Instrument Cor) 


I elin thu 8) ' rar Newar) \ J 


Screw 


’ ° 
MaKe sin 
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The Mark of 
Effective Control 


Process Control for sensitive, stable 
automatic control of temperature, 
pressure, liquid level,flow and other 
factors as applied to industrial 
processes. Responds to changes 
quickly,without overtravel or hunt- 


ing. Ask for Bulletin No. 101. 


Combustion Control that is simple 
but complete for providing econom- 
ical operation 
of boilers of 
200 h. p. and 
lerger. Details 
in Bulletin 
No. 102. 


Boiler Meters 


for recording 





combustion 


Recorder-Controller 


conditions and 
guiding boiler operators. Described 


in Bulletin No. 44. 


Multi-Pointer Gages for indicating 
factors such as draft, pressure, tem- 
perature and speed. 
These Gages are avail- 
able with any number 
of pointers and any 
scale combination; in 
either the oil sealed 
bell or diaphragm con- 


struction. 


Flow Meters for indi- 


cating, recording and 





integrating the flow of 


Control Drive 


steam, water, sewage, 
air, gas and other fluids. Bulletins 
No. 39 and 300. 


Recorders for pressure, temper- 
ature, drafts, liquid level and other 


factors. 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 
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Redesigned Liquid Meter 


and Volume-set Valve 


A new 2 pipe size, 200-g¢.p.m. max 
capacity “Xacto” quintuple-reciprocat 
ing-piston liquid meter is announced. 
\lthough its general design and princi 





ple of operation remain unchanged (see 


lustruments, Feb. 1933, pages 35 37) it 
embodies a number of construction re 
linements: new rotary valve minimizes 


friction and permits two cylinders to be 
filled simultaneously; piston leather pack 
ines provide for longitudinal rather than 
expansion and prevent 
speed has been 
valve 


outward excess 


and wobbling; 
increased and 


seats are of stainless steel and valves of 


binding 
weight decreased; 
close-specification bronze. Various forms 
of evelometer and dial 
as well as recording printers. 


registers are 
ivailable, 
\lso announced is a new automatic pre 
determining dial and control valve (illus 
said to be “ideal for use on tank 
one knob sets for quantity de 


trated) 
trucks”: 
automatic and a con 
1,000,000 eal 


ired, delivery is 
linnous counter records to 


lons and repeats, obviating need for 
multiple compartment trucks and per 
mitting one-man trueks.—S. I’. Bowse 

('o.. Ine., Fort Wayne, Ind. 

“Capacitrol”’ 

Mmployving the principle of body ca 
pacity and designed for the control of 
iutomatie doors, alarms, signals, bells, 
the “Capacitrol” operates on the ap 





proach of a person or car to 
its antenn % which may be from 
ft. of rubber-covered wire. Thus the unit 
(51" & 61,” & 8”) may be installed at 


<3 ft. of 
5 to 


50 


ilmost any convenient place and the an 
tenna run to wherever it is desired the 
control point to be: overhead, along a 
wall, ete. Manufacturer that this 
device is particularly points 


states 

useful in 
where it is not practical to use photo 
electric apparatus or the installation of 
J. Thos. Rham 
Detroit, Mich. 


“treads” is not possible. 


sfine, Beaubien Nt... 


Electrical Test Cart 
for Industrial Plant 


Under the designation of 
Analyzer” there has now been n 
mercially iwailable the portable 
industrial test set described in | 
by William Barbour in our A 
issue, page 212. As made up fo 
presents an improved appeara 
bodies various conveniences an 
connected rapidly, but its essent 
ponents remain the same: recordi 
meter with high-chart-speed att 
indicating ammeter, indicating 
variable-ratio current and voltag 
formers, phase transfer switche 
etc. All wiring 
compartment for charts, ink ar 
sories. When a_ test 
leads are simply dropped into t! 
trav and the cart is ready for \ 
: William Barbour, 312 M: 
Cambridge, Mass. 


is concealed. ‘Thy 


is complet 


where. 
Drive, 


Vacuum Triode With 
Fluorescent Plate 


For experimental and demon 
work, a new ‘Type WL787 triode 
the side of its which f 


grid and filament, a coating of 1 


anode 





brig 


h fluoresces with a 


e.ow at all bombs. ded 

p ate-current electrons. Resu't: a‘ 
pattern of the grid on the plate, ! 
effects of ¢ 


points 


visible the electronic 
in grid and plate voltages, or of 
nally produced fields (see illust: 
Overall length (10”) and_ plate 

(approx. 114,” & 3”) perm 
nomena to be seen across a clas 
Base is 4-pin industrial type. Othe 
tails: 


sions 


Filament potential 
Filament current 


Filament type Ox 
Max. filament potential 
Max. plate potential 
Max. plate current 
Max. grid otentia 
Max rid irre! 
Approx. amy] factor 
Westinghouse Lamp Co., Blo 
ae 

















ressure-emeasuring Tubes for 
Air Velocity Indicator 


more auxiliary “jets” (combina 
if flexible tubes and terminal fit 
tre announced as available for 
ment to the Boyle Velometer (a 
reading anemometer of the tilting 
type, see Instruments, July 1935, 
191; Dec. 1935, page 343). “Type 
Static Pressure Jet” is used to ob 
lirect readings of static pressure in 
plenum chambers or pipes, in 
es of water column, either positive 
cuum readings being obtainable, de- 
ling on the side of the Velometer to 
. the jet is attached. “Type 2485 
Pressure Jet” ends in an impact 
ing which, when pointed in the di 
tion of the air stream in the duct, 
its obtaining a reading of the sum 
he statie and velocity heads.—I/linois 
sting Laboratories, 142 W. Austin 
Chicago, Till. 


Kuder Direct-reading 
Colorimeter 


Personal element in color evaluation is 
iminated by use of a stable photocell, 
calibrated galvanometer, compensatory 
means for light-source brightness and 
foreign particles on optical surfaces, etc., 
permitting the standardization of scales, 
each scale graduated directly in units of 
the unknown ingredient being deter 


mined. To date, nine such seales are 
ivailable, all for the clinical field, but 
manufacturer's development staff is 





standardizing numerous scales for indus 
trial colorimetry. Concentration of sam 
ple being read directly, need of a set of 
tandards of comparison is obviated. 
Light intensity and depth of solution to 
be analyzed being kept constant, and 
each seale being prepared from actual 
color-concentration curve for the par 
ticular substance and for the particular 
inge, no errors are introduced by de 
irtures from Beer’s law. Photometric 
sensitivity being 0.1% as against 1.6% 
for human eye at its best; overall photo 
metric accuracy being <1%, and full 
cale deflection being possible for >8% 
light attenuation, determinations can be 
iade on “pale” solutions. (Each seale as 
upplied by manufacturer allows for full 
cale deflection for desirable maximum 
reading of a particular substance in a 
irticular line of work.) Instrument 


must be operated from a_ stable indi 


idual source of electric energy, prefer 
rh] . _ 
iv a 6-volt storage battery, no com 


mercial power circuit beine sufficiently 


table. The one-piece fused Pyrex glass 

luid cell is said to be another unique 
ture. Two cells are supplied with each 
strument. Fisher Setentifie ¢ a. Zil 
hes St., Pittsburgh, Pa. 


Redesigned Indicating 
Flowmeters 


For indicating rate of flow of air, gas, 
oil, water or steam, manufacturer's line 
of fan-shape case mercury-and-float in 
struments has been supplemented by the 
two round-case 









models illustrated: 
with segment dial 
and with round 
dial. Construction 


is forged steel 
throughout; all 
parts within mer 
cury U-gage are of 
stainless steel; float 
is coupled to indicating movement by 
a horizontal shaft extending through an 
adjustable lapped stainless steel stuffing 
box. Four ranges (inches of water dif 
ferential): 0-10, 0-20, 0-50 and 0-100. 
American Meter Co., GO BE. 42nd St., Nex 
York City. 


Instrument Panel Illuminator 


Designed for lighting instrument pan 
els with controllable illumination at ex 
tremely low levels of intensity (as in 
lircraft where excess of light on panel 
or reflections in the windshield disturb 
the pilot’s vision) the Fairchild) Hlumi 
nator projects a light beam of practically 
uniform intensity throughout the field, 
which can be masked to any desired 
shape with no spill-over of stray light 
By means of an adjustable diaphragm, 
light intensity is adjusted to match con 
ditions of illumination outside the air 
craft: during total darkness diaphragm 
is almost fully closed and effective illu 
mination on panel is similar to faint 
moonlight— just sufficient to energize ra 
dium paint on instruments; during twi 
light or when approaching floodlighted 





fields, a greater amount of light is per 
mitted to pass. New device is provided 
with a shuttered opening in the side for 
map lighting or general cabin illumina 
tion. The size of opening is adjustable, 
to permit one pilot to fly the aircraft 
without discomfort while the other in 
spects maps or enters data on log sheets. 
Length, 334”; diam., 7”; miniature screw 
socket. Ordinary 2 or 3 ¢.p. miniature 
lamps provide satisfactory illumination 
for aircraft purposes.—Fairchild lerial 
(‘amera Corp., 62-10 Woodside 1ve., 


!"oodside, L. I., N. Y. 
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The value of records cannot be 
either disputed . . . . or computed 
.... In Air-Conditioning, either in 
industry or large scale comfort 
installations, a complete score of 
humidity 

has become a 


temperature 

running time 
necessity .... for engineering .... 
for sales 
pare all the Recording Instruments 
you have ever heard of ... . the 
Friez Portable Recorder is the only 
one designed solely for all these spe- 


. . for servicing. Com- 


cific purposes. It can be carried as 
its records 

. as legible as a 
charts are of the 


easily as a camera 
are as accurate 
photograph . . . 
size of filing cards and of the same 
shape. Temperature .. . . “Humidity 
... Running Time .. . . a com- 
plete record on a portable, rugged 
recorder. 
*Humidity is recorded directly with- 
out need of computations or tables. 


Prices from $55 Bulletin G 





Julien P. Friez & Sons, Inc. 


“The Makers of America’s 


Weather Instruments” 


Subsidiary of 
Bendix Aviation Corporation 


BALTIMORE, MARYLAND 
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Variable Resistors 


J kK ITZ Among features of new “Type ( Vol 

me Control” are metallized type resis 

« a 4 lance coating permanently bonded to a 
a oD 


Bakelite 
The Most Unt 


mioisture base; multi 


proot 


I Juipment tor 


eTsad 


Research 





silver-plated contacts; and an ex 


Premely hard coating ind the “5-finger 
Spring Contactor’ a combination which 
ininimizes wear of element. Each silver 
plated contact finger operates indepen 
dently and makes contact in’ the sani 
track ith each rotation. Designed for 
use unde r Severe atmosplhe ric conditions 
these new resistors—-makers assert un 
dergo no appreciable change it 90% 


relative humidity and immersion of the 
element in water neither affects coating 
nor alters resistance values perceptibly 
“Type C Volume Controls” are available 
either without switeh or equipped with a 


low internal resistance switeh. Provision 





has been made for two t ips to be brought 


invwhere on the element ithout ob 


uit 


tructions in the path of the multi-finger 


| ( , t 7 C1 se 
I . : Nien O ual ob erva slide contact luternationa Resislanes 
to 1d photo-micrography. ( V. Broad St., Philadelphia, Pa 
Equipped with mirror reflex box to 
icilitate alignment and focusing for 
photography. ‘ 
Small Inverter 

| Sal l¢ also tor micro proyection, , 

, In districts where the only electricity 
aqrawing and photo-micrograpnAy in supply is d.c., or in 


the field where only 


t i itted O1 retlected light. storage batteries are ivailable, oseillo 
; raphs and other apparatus requiring a 
he + ) > 4 it . ° il | fe 

Ih | r | ANI H¢ | can be used small 10-watt) supply of 110-volt ace 


Brightheld 


transmitted light 


Darkhield trom lowest to highest 


magnification including Plancton 


Reflected light (vertical illumination 


Ultropak illumination 
Polarized light 


mitted 


reflected or trans 





gue No. 7552 Upon Request 


the **¢ 


can be operated by means of irter 


Converter” announced in 6 models: three 


_ : 
4 se 4 e volt ac. outputs of 5, 15 and 40 watts; 
O00 East 10th St. New York City three are for storage battery inputs of 


6, 12 and 382 volts and supply 30, 40 and 

RANCHES 60 watts respectively of 110-volt a.c. De 

‘ I DD M Ka signed for continuous operation, new ce 

M D. ¢ vice has a dynamically balanced arma 

WESTERN AGENTS ture, a ventilated case, special bearings 

Soimiler and Saunne. En requiring no oiling, and rubber mounting 
San Francis , Angeles, Calif to eliminate noise. Dimensions 5” 4.” 
27.2". Weight 61, Ibs.—Carter Motor Ce 


VW Superior S?.. ///. 


Chicago. 
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Polish Rod Dynamomet. 


Designated as the “Dynagrapl he 
namometer for graphically record 
stantaneous loads on polish rods 


vell pumping equipment is self-cor 


ind light enough to be handled 
man. There are no electrical or hy 
parts With polish rods of st 
yrades of steel, the record acer 
Fr 2Z The dynamometer may | 
thove or below. the cross-arm 





reins. [It usually is clamped onio | 
ish rod below the reins. In 
stretch of the polish rod 
clamping points of the instrument 
(mag. 400%) on a 
is rotated in proportion to the pu 


this « 


betw CCl 


corded chart 


troke. If the dynamometer is cla 
onto the polish rod above the cro 
it is then in compression betweer 
cross-arm and the polish rod clan 


four 
instrument 


taken on 
the 
strain in these columns. Clamping 
ire arranged to take inserts, whic! 

4 


convenient « 


load. is compressor 


umins and record 


he secured for rods of 3 

ind 1 diam. A 
sec is supplied with the instruni 

electric & Mfa. ¢ 


1 . 7 Ss 


Westinghouse 


Pittshurgh, Pa 


Cable Type Transformer 


Designed to operate low-impec 


microphones directly into amplifier 
ing high imped ince input, this ney 
the cable 


transformer permits 





low-impedance microphone to be 
ft. and makes high-gain amplifiers 
table to any location. As many 
velocity microphones can be fed int 
transformer. Hum pickup is said 
eliminated. Either a 50- or 200-oh1 
rophone can be fed into the sta! 
input impedance of 200 ohms. Othe: 
pedances obtainable. 
f Broadway, New 


Amperite | 
York City. 











= 
Sted ie a on. silts Si 











Instrument Transformers 


new lines of current and po 
instrument transformers, in vol 
tings of 23 to 161 kv. and suitable 
or Pvyranol filling, have been an 
i Sizes and weights have been 
j, and insulation factors increased. 
new current transformers the pri 
s are wound on porcelain spools, 
serve as main part of insulation 
en primary and secondary circuits. 





Wy 

















The 28- and 34.5-kv. transformers each 
ve one porcelain spool unit; for 46 kv. 
d above, each transformer has two or 
ore porcelain-spool units connected in 
cascade. The current transformer ele 
ment is mounted in a shallow base and 
extends up into a porcelain shell, which 
is used as the high-voltage bushing. The 
new potential transformers, designed for 
ise only on 3-phase, 4-wire grounded 
svstems, replace the single-bushing, con 
ventional type. In voltage classes <69 
the units consist of a single core 
nd-coil assembly mounted in a shallow 
tank and extending up into a porcelain 
shell which serves as the high voltage 
bushing. In voltages +69 kv., the trans 
former consists of two or more core-and 
coil units, mounted vertiea'ly and = con 
ected in caseade. General Klectric 
( Schenectady, N.. Y¥. 


Steel Rule and Protractor 


\ jointed steel rule, made of stainless 
vv, serves also as a protractor and can 
scl quickly to any desired angle. 


Phere is a line of chords engraved on one 





j 


de of the rule from 0° to 120°, advane 
by half degrees, and the rule is also 
ided with two center dots (see illus 
ration) one on each blade, by whieh, 
th the aid of a pair of dividers, the 


e can be set to any desired angle or, 
ersely, any angle can be determined 
nt is provided with a spring tension 
ich supplies sufticient friction to hold 
e setting rigid for seribinge and lay 
mt work. George Scherr Co., 128 La 


ette St., New York, N. Y. 





Bin Level Signal 


For nearly all forms of pulverized anc 
granular materials, and for such appli 


cations as bins, COnVeVOrs, eley itors, etc., 


this device, though just placed on the 


veerica 
Séc TION 


—! 


PivoT 
Ie -,. COUNTER-WEIGuT 
T Oxy Levee PLaTE 
Y- MERCURY switcH 
CoveR 
. PUSH R00 
. e OlAPHRAGM 
— 4 FRAME 





— 


mMaTEQiaAn 


CTYPE —AV VERTICAL MOUNTING) 
se" MOUNTED ON BIN WALL 


market, is said to have had four years’ 
service in the large cement plant where 
it was originated. It operates on the 
principle of lateral pressure displacing 
a diaphragm against a counterweight 
lever system and operating a mercury 
switch. This switch may operate a visual 
or an audible signal, or an automatic de 
vice for controlling the level, or both an 
alarm and a= controller. Overall diam 


1014"; projection 61.".—The Bin-Dicato 
iO; [yf > NL. Jefferson fve.. Detroit 
Mich 


Dynamic Mutual Conductance 
Tube Tester 


“Model AC47-A" represents — latest 
development of testers embodying pre 

isions for determining the dynamic mu 
tual conductance of receiving tubes, ‘ts 
first advanced by maker in 1921. This is 
the ratio of change in plate current to 
change in) grid voltage. Principle is’ to 
ipply ae. to the @rid, superimposed upon 
the d-c. grid bias, and to read the a-c. com 





ponent in the plate current in the form 
of micromhos. Both this basic method 
ind this new tester are said to have been 


ipproved by the manufacturers of radio 
lube and of receiving sets. In addition 
lo this feature, the new instrument serves 
to test separately: (1) both sections of 
dual purpose tubes, (2) both plates oft 
rectifier tubes and (3) both plates of 
diodes. Gas content is) indicated on 

veood—bad”™ seale and also in terms of 
microamps. Cathode leakage can be meas 
ured. Insurance against obsolescence takes 
the form of 14h available switching com 
hbinations of which 48 are used for test 
ine all present tubes, leaving 96 for 
future types Hlickok Electrical Tnstru 
ment Co, 10574 Dupont lve... Cleveland 


Ohio 


“AUTOSYN 


Self - Synchronizing Motor 


AUTOSYN MOTOR 
| TYPE 769-@SER NO. 83 
82 VOLTS AC. 6O CYCLES SINGLE PHASE 
PIONEER INSTRUMENT COMPANY 


BROOKLYN, MEW TORK 








ryPpeE 709B 
ACTUAL SIZI 


Type 769B, the smallest self 
synchronizing motor manu 
factured, is suitable for a wide 
variety of remote indication 
applications. Slight move 
ments of sensitive elements 
such as diaphragms and Bour 
don tubes may be instantly 
and accurately transmitted to 
duplicate or triplicate indi 
cators. 

Size—23%"” diameter x 2 long 
HV eight—10 ounces 

Current—.16 amperes 
Voltage—32V. A.C.—60 cycle 
Power consumption—2 Watts 
Heat Rise—15 C. 

Peak Torque—40 Gram. Cm. 


Maximum lag — approximately 1% 


Degrees 
Shaft Diameter Wetow 


Ball Bearing Equipped 


PIONEER INSTRUMENTS 
Pioneer Instrument Company, Incorporated 
BROOKLYN, NEW YORK 


Subsidiary of the Bendix Aviation Corporation 
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Self-contained, Self- Portable Balance 


powered Controller Ihe Bennett Balance brought 
For single industrial automatic control year (see Instruments, Oct. 193 
280) has been improved along li 


ipplications requiring modes of control 7 . 
gested by the New York City D 


obtainable only with the jet-pipe fluid 


relay tvpe ot controller and oil evlinder 


ELECTRICAL oo. 


EXTRA ALUMINUM PAN 






as been brought out 


and Regulator” which includes its own. oi 


pressure system in the form of motor 


BEARIN 


THERMOMETER vided with oil pressure systems, there iNT etaneenes. 





TEMPERATURE | = 


RISE 
INDICATOR 





Weights & Measures, in order 
the department's certification for 





drug stores and other fine weighin 


driven oil pump OP. (Hence our desig the improved model illustrated h 





nation of “self-powered,” since electric aid certified. Its capacity is 100 g s 
energy is available in all plants.) For sensitivity 0.01 g. Being approx. 12 f 
pressure control applications the con and <1 Ib. in weight, the improve: 
troller body B is provided with one dia model is still a “coat pocket” b ( 
phragm chamber DC; for ratio (differ Also announced are three accesso! 
ential-pressure) control the body is made Bakelite carrving case: a table case of 
with two such chambers, one on each transparent non-flammable cellulos 
side, each with a pressure connection 1. tate; and an attachment for usi 
In pressure control bodies the measuring balance to determine specific gravi 
spring ind id just ible slider ‘ oppose a Chemical Publishing Co.. of X } 
single diaphragm; in ratio control bodies 5 Fifth Av VY. Cit 
, P the adjustable pull of S determines the yin Ave., wv. Xr. Cily. 
Very oe hon rote en erine SOres proportion. Under command of the con 
res Dy Means Of ther troller through oil lines OL is the power 
and for measuring device for operating valves or dampers: Pocket Oiler 
rise of motors and oil evlinder OC which has a max. stroke 
: : : of 5 ind a max. force of 100 Ibs lor instrument departments, 
as = ser" ‘a oquipmens fskania Requlator Co., 1603 S. Michiaqan tories, ete., as well as home and 
Complete with calibrated lve., Chicago, Tl. uses, the “Presto Positive deluxe O 
ind 6 ft. lead is said to be “a_ real precision ir 


WIT Rang 6 C. $15.00 





Self-operating Controllers 





Improvements in maker's 30-year-old 
line of self-operating temperature and 


: 7 T 4 ~ pressure controllers include an entirely nae i< ~ACHTINe c ne 
GALVANOMETER new design of flexible seamless metal —- oe pri i te 
RELAY No. 2566 oe te ys = ao aN constant volume said to be “1/10 
ing the old ser é no more, no less,” and in that if 
les Ol . ipsules scale show Ing the remaining Supp tS 
vith soldered 2 structed of Pyralin and chromiur 
joints, and nu 4 brass |” R. Ha Products C1 
merous minor fmesbury {ve Cleveland Ohio 


refinements In 
design, materials 
ind workman 
neh ee —— “Ultra-high-range”’ Resistor 
these new mo 


els suitable for Demand for a stable, ultra-high 
] ] non-inductive, high-voltage — resis 


industrial appli 
said to be met bv two new resistor 











cations where 
the close con ‘Type FH-1" resembles the IR¢ 
trol obtained lized filament resistors, but it is sais 
ith auxiliary 7 _ — 
bit necess ry, Or 
T/ 2 2 > I vhere stean 
I \ > S ( R pressure LN iil 
) F " ible is 10 Ibs 
a It hich is ah 
“CoS pars minit m re U 
sung for posi yuired for sat special processing serves to stabi 
& tact < isfactoryv opera unit vainst the effect ft idl 
ts rn & tion of maker's to reduce surface leakage It is 
} : . : 4 pieetieias 5 Steam ope rated Controller. Six ten pera In values LOO megohn Ss tor 
aes are tga ture ranges, with min. of 00°F. and ige applications. (2) Type “MG’ 
P; $36.00 to 838.25. max. of 375°F., each range 75°F. Six for use at high voltages, are aval 
pressure ranges: lowest 3 10 Ibs. /in ind 3 to 12 lengths ot fra iss with « 
highest 70-100 Ibs. /in.2 Valves are semi terminals and special processing 
" balanced in sizes trom 1 to 2 Max trol surface leakage They ire 
G-M LABORATORIES [NC. pressure against which controllers car in values from 20 megohms to 1 
7 avai : c. Sees close valves is 125 Ibs. /in C. J. Taq megohms and £000 volts | 
1732 Belmont Avenue, Chicago, IIl. ae ihe ack i Mastin Meee : a Wesietties T VR 
RB ; y. 3 Philadelphia, Pa 
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Low-pressure Test Gage 


indicating pressures <1.5 lbs./in.? 
vlass U-gages are ordinarily used, 
vuaranteed accurate to 1.” water 
n. Dial has double calibration: 





0-35” and 0-20 0z./in.?. Bronze diaphragm 
measuring element. Movement of “inde 
pendent” type as specified for highest 
grade “inspector’s” gages. Black steel 
case, 21,” diam., with nickel ring; 1, 
pipe thread bottom connection. Supplied 
uso with 21,” & 5” X& 6” aluminum car 
rying case containing also 3 ft. of con 
nection hose. Fisher Governor Co., 
Varshalltown, Towa. 


” ” 


A-c. Relay 


New “Type A” a-c. relay can be sup 
plied for operation on voltages from 2 
to 230 volts, 25 to 60 cycles, with up to 
four pairs of contacts, has a capacity of 





10 amps. per contact, is said to be “the 
lowest cost relay on the market” by rea 
son of extremely simple construction, 
which is said also to provide quiet opera 
tion. The coil is wound on a molded 
Bakelite bobbin.—G-M Laboratories, Inc.. 
Belmont Ave.. Chicago, Ill. 


“Dwarf” Capacitors 


Without impairing the durability of 
the metal-ean electrolytic, it is said that 
marked reduction in bulk for a given 
capacity is achieved in this new line of 
dwarf units known as_ the 
GILLS series: 1” diameter; 
heights from 23,” to 43¢" 
Two voltage ratings: the 
GIS5 or 450 d-e. voltage, 
525 surge peak, and_ the 
GI.8250 or 250 d-c. voltage, 
300 surge peak. Capacities 
1, 8, 12 and 16 mfd.—Aero 





VOX Corp., ‘0 Washinaton 


» St., Brooklyn, N. Y. 


Pressure Compensator 
for Flowmeters 


lo compensate automatically for vari 
itions in line pressure of compressible 
fluids, which variations affect the read 
ings of flowmeters operating on differ 
ential-head princi 
ple, the Foxboro 
Automatic Pres 
sure Compensator 





h is been developed 
for flowmeters of 
that make. It con 
sists essentially of 
a spiral pressure 
spring responding 
to line pressure 
and through a 
transmitting lever 
adjusting the mul 
tiplication of the 
linkage between 
meter float and me 
ter penarm. This is 
not an additive cor 
rection but a per 
centage correction, 
its linear amount 
being a function of the flow rate and be 
ing calibrated to fit the meter’s flow 
formula. New device is sensitive to 0.1% 
change in line pressure and will correct 
position of flow pen for such a minimum 
change. On square-root flow scale meters, 
pen position is varied proportionately to 
change in absolute pressure: on uniform 
flow scale meters, pen position is varied 
proportionately to square root of change 
in absolute pressure. Should maximum 
flow and maximum pressure occur simul 
taneously, pen will not travel beyond 
upper chart limit. If at any time a pres 
sure-compensating meter is changed 
over to a service where compensation is 
not required, attaching one screw on 
Compensator to the mounting post in 
the instrument causes the device to be 
come inoperative. Inclusion of Compen 
sator in a meter does not affect inclusion 
of pens for recording pressure of tem 
perature.—The Forboro Co., 46 Nepon 
set Ave., Foxboro, Mass. 


X-ray Lazy Tongs 


For supporting and fixing the tube 
ind leads in the desired position during 
the radiographing of castings, ete., in 
industrial x-ray work, there has been 
developed a sys 
tem of support 
using “lazy tongs” 
constructed of kiln 
dried maple and 
connected to a tra 
veling crane of the 
same material 
through a_ joint 
which gives tongs 
180° of freedom in 


a horizontal plane 
Motions of tong 
mounting on cross 


member of crane, 
and of the cross 
membe r itself, ire 
controlled) through 
guide = ropes ind 
pulleys. Panto 





vr iph motion of tongs allows wide vari 
lion of heights for radiographic opera 
hions General Electric Co.. Schenectad 


: ghae 4 








REPUBLIC 
RECORDING 
THERMOMETER 
featuring a 
“Cartridge Sealed” 


Helical Element 





The 
nometer (gas filled ty pe) ] 
a helical element which is complete 


ly enclosed in a metal cartridge as 
a protection against dirt, moisture 

see é The helical 
or damage by handling 1e helical 


ns 
coil, capillary tub 





bulb are filled re yas 
} + 
calibrated and i 
oratory, to torm tne 4 
unit 
. 
This complete unit can be easily 
| fs Ite. 
and quickly removed eca i 
tion, repair or change of tempera 
ture range, without disturbir 
exposing any mecha t 
reading instrument 
. 
Sensitivit , . ¢ 
free performa é x 
‘ 
this new desig ‘ 


e 
Th ‘ ¢ 
€ é v é 
n] | | 
piacec lista i 
et ¢ 
eet, t 
ea ( é 
* 
. j j 
Ev 
. 
t tl ( i « 
o 
( ina é 
How. (°C) 


Data Book 210, just published, 
gives complete description. 
Mailed R 


REPUBLIC 
FLOW METERS CO. 


2249 Diversey Parkway, Chicago, III. 
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et us quote you 
on complete 


METALLIC 
BELLOWS 4] 


Wd 


CLIFFORD MFG. CO. 


564 East First Street Boston, Mass. 


Riley Engineering Corp., 1481 14th St., Detroit 
Franklin G. Slagel, 923 East 3rd St., Los Angeles 


Shriver, 221 North Chicago 


om 








telemet “ring 
mutter 


receiving 


ne 


liquid-level receiver. 


Liquid-level and Flow-rate 
Remote-reading Systems 


‘Heretofore definite limitations existe 
regards flow and level instruments 
the case of level instruments” read 
nufacturer’s announcement “it 
sible to transmit to the main board 
maieations ot level trom float 
ted mechanisms except with hig 
um and low. signals.” Telemeteru 





Liquid-level 
trans 


Square -case 
instru- 


nt Re ir view. 


Round-case 





Col 


stel idopted by manufacturer con 
ot pair of self-svnchronous n 
of standardized form such as | ( 
en used for vears by other manutac 
irers for transmitting indications 
ctuated mechanisms StTePLessiy 
tinuously (see / uments, Dec. 1935, 
paves 329-332 What IS uNnIgue, howevel! 
ewly nounced system, 1s 
S se of radi magnetic coupling 
‘ foat ( ed roto na tor 
nitti elf-syvnehror sol 
} ‘ lve Tt oft ri 1 uv ‘ 
J 102333, ue Lag 
‘ uid t ‘ I ‘ 
elem ems 
cs s it es t 
S ne ndn es 
‘ ( S il Pe i V 
/ \ | 
) 








@® The Research 
Direct Pressu:e 
Engine 


Indicator 








The Type V Indicator (above) is 
the accepted standard in the Diesel 
industry. 

It is quickly installed, easily op- 
erated, and is the only indicator 
capable of drawing multiple high 
and low pressure diagrams in phase, 
providing vital information for the 
has other ex 


engineer. It many 


clusive features. 


Other special laboratory 
instruments include: 

Air Flow Indicators of the V 
Venturi, and Smooth Ap 
Orifice types 

Pressure Indicators § includi 
Cathode Ray-Piezo Electri 
cator (RCA Mfg. Co.) 

Fuel Flow Indicators of man) 


in ipacitie 
Magnetic Thickness Gauges to: 


uring cylinder walls by contact 
ne side only 

Slow Motion Study Equipment 1: 
ing the Strobotac and the Edg 


boscope (General Radio Co.) 


ot 
Sound Study Equipment includi 
356 Noise Meter (General Ra 


Vibration Study Equipment inc! 
the Geiger T rsiograph (ampo 
he Vibrometer (Electrocon Cory 
ind the Cathode Ray Oscill 
(RCA Mfg. Co.) 

You are cordially invited to 
laboratory. Many of the instruments | 
can be seen in operation. 


visit 


Detailed information mailed 
on request. 


Commercial Engineerin 
Laboratories 


$612 Woodward Avenue, Detroit, M 
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\ New Electrical Method of 


ro ARLY work in the ap 
r4 plication of resistivity 
bJ incthods to placer min 
ind water-supply problems 
licated that the effective 
pth range of these methods 
id be increased if certain 


ctors could be properly eval B ba J ; J ; 
ited or corrected. Even the rE Cc BN EC A 
nple conventional methods in 

0 aad CC. HB. 


olving flow and measurement 
{ current between two elec 
des and measurement of po 
ntial between two additional 
lectrodes (with the four elee 


MI N I N G 


Geophysical .......... 


N GI N FE I R 


lithologwic 
changes or changes in ground 


water occur, resistances of the 


: % & 
r S ectin various strata Comprising thre 
veo ogical column usually ditt . 


only to a relatively small de 


gree as the depth below. the 


J A K O S K Y surface exceeds 1000 ft lhis 


DIRECT OR is because of the compactness 
= i of the strata and the uniform 
WILSON . | | 
impregnation of all strata with 
the deeper subsurface waters 


International Geophysics, Los Angeles, California Phe strata seldom have a 


thickness exceeding 1 small 


fraction of their depth below 


odes arranged in a known HE Jakosky method of electrical mapping the surface. This fact. together 
onfiguration) may be em of oil structures is a modification of the with the relatively small differ 


ynloved for structural investi 


vations where depth of pene 


ences in electrical conductivity of geological 


resistivity method which operates on differ- ences in electrical resistance, 


ri 1 
requires that the measurements 


ration <200 to 300 ft., but strata, whereas other generally-used methods made at the surface of the 

vond this depth the simple operate on differences of magnetic, gravi- ground be reproducible and 
nethods are subject to con metric and seismic properties. It is applicable iccurate to 0.2% for detail 
siderable error in interpreta under fairly diverse geological conditions, per- mapping of the subsurface 
ion. Research was_ initiated mits obtaining subsurface information under beds. Conventional resistivity 
ind a new electrical method conditions not favorable to other methods, methods appear to be subject 
leveloped which allows accu and may be employed for rapid reconnaissance to errors of many times that 
rate and detailed mapping of as in locating faults and fault zones. Dr. mount. often = 
structure at depths 4000 ft. Jakosky’s first official disclosure was made for 

VARIATIONS IN. RESISTIVITY 


During the past two vears the 
method has been applied Cz 
ensively in California under 
severe conditions. Numerous the 
opportunities for checking its 

rccuracy were present in- thre 

form of drilled wells or known subsurface geology. Hun 
dreds of stations have been occupied and subsurface 
contours of certain horizons mapped. In addition, vari 
ous straight-line traverses have been run for location of 
fault zones. Typical field results are given at the end 
f this article. 

Our initial studies clearly indicated that the use of alter 
nating current or of a periodically reversed direct current 
required careful determination of the strength, vector di 
rection, phase relationship of current and potential, and 
contact resistance, before reliable interpretation could be 


made of the data to determine the subsurface. Obtaining 


these complete relationships of the a-c. phenomena necessi 
tated detailed measurements and an involved instrumental 
technique. Furthermore, the time required for such meas 
irements made field work relatively slow. Alternating cur 
rent of pure sine wave-form was advantageous, but as the 
frequency was decreased in subsequent experiments both 
ersome polarization and other factors associated with the 
ise of direct current were encountered. Commutated, peri 


odically reversed direct current gave the greatest errors, 


attributable, to a large extent, to the steep wave front and 
rregular characteristics of the current pulses. Variations 
in contact resistance of the electrodes, commutator fac 
ors, inductive effects between power and potential leads, 
polarization phenomena and variations in current dens 
ty, all contributed to the errors. 


ACCURACY ESSENTIAL FOR STRUCTURAL MAPPING 


The electrical resistance of sedimentary rocks may 
increase or decrease with the depth below the surface. 


the A.I.M.E. through its organ, Mining & 
Metallurgy, last May, and this article con- 
stitutes the first presentation outside 


CAUSED BY CHANGES 


IN CURRENT DENSITY 

Institute. Creme rally, different va sol 
resistance are obtained for dif 

ferent magnitudes of current 

flow. Detailed measurements of various gouges and 
sedimentaries Showed considerable changes in the appar 
ent resistance with variations in current. Field work on 
these and similar materials “‘in pl ict showed that the 
resistivity sometimes increases ind sometimes decreases 
with an increase in current (the electrodes remaining in 
fixed positions). These phenomena are probably asso 
iated with electrolytic and ionization effects, which in 
turn depend upon the nature of the electrolyte contained 


in the strata and the chemical characteristics of thi 
gangue or sedimentary rock materials. These variations 
In appare nt resistivity ore ithy iffect conventional meth 
ods which employ any current density that will give a 
conveniently measurable potential for the particular 
spacing and electrode configuration used 

Duplicate measurements have shown l that such 
irregularities may obscure and sometimes entirely con 
ceal the effects due to structural discontinuities in the 
earth, and (2) that these irregularities may be practi 
cally eliminated by maintaining a regular predetermined 
relationship in the values of either the potential or the 
current at successive regularly varied electrode spacings, 
in order to cause either the potential or the current to 


be varied in a regular and systematic manner 


VARIATIONS IN RESISTIVITY CAUSED BY POLARIZATION 


From the viewpoint of physical chemistry, the earth 
may be considered as an almost nonconducting rock ma 
terial impregnated with an electrolyte whose character 
istics vary with different strata. An electric current 
flowing through such materials is subject to essentially 
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the same laws and reaction phenomena as govern thi 


flow of electric current through any other ele ctrolyte or 


galvanic cell. Such a cell is reversible if every substance 
composing it is in a stable state, and under these condi 
tions a ch inge mm thre applied exte rnal emf. will Cause 
reactions which will be exactly reversed by the corre 


sponding change in the applied emf. The relationship 
between potential and current flow through such a cell 
s almost linear, and the internal resistance of the cell 
can be determined over a fairly wide range of current 
flow. The resistance also remains constant 
regardless of the time during which the cur 
conditions that pre 

Wher rrent Is passed through the earth. 
however, certain chemical reactions or elec 
trolytic effects take place whereby the system 
ind: ryvocs rrevers ble change s Unde r such 
conditions a linear relationship does not exist 


] 


betwee current ind ipplied electromotive 


1 th resistance” will vary with the 
irrent density and with the time during 
which it flows. The more complex the elec 
trolvte., the more pronounced are the polari 
zation and electrolytic effects. Alternating 
current, and direct current with commutators 
for rapidly changing the direction of current 


flow, eliminate thre revers ble electrolytic ef 


flow and the distribution of current in the subsu: 

As distinguished from previous electrical work : 
method utilizes the creation of an electric distur 
of high intensity but relatively short duration* (u 
<30 sec. and preferably 10 sec.) which prod 
the earth a short-duration electromagnetic field in 
having electrical and magnetic components. Me 
ments of the magnetic field or of the potential ‘ 
issociated with the flow of current are ordinarily 


at several points on the earth’s surface. 































Fig. 3. Apparatus at end of field lines; electrical 
geophysical surface measurements. 


fects, and 1 to minimize but do not eliminate the 
rreversible ffects. T] ibrupt changes in the depth 
resistivity irves, So Characteristic of pre sent conven 
tion i] resistivily I et] rds. cannot p ssil ly be due to 
the relative Vo osn il changes in ictual resistance ot the 
subsurface strata. and are caused largely by electrolvtic 
phenomen | st not be assumed that excessive cur 
rent densities are required to preduce these effects 
{ ertain error n obtaining the true relative resistivity 
Values mav I eliminated or minimized by emploving 
greater flows of current in the energizing circuit 
durit g short per rds of time In other words, it is advan 
weous tor ( T v of field work ind inte rpre tation to 
employ ivy current flows for energizing the earth, and 
i sensitiy ng insti nts for study ng th's 


Fig. 1. Instruments for electrical 
geophysical measurements 


Fig. 2. Instrument truck, 
showing high-v oltage 
bushings for connecting 
external line wires 






The principle of maintaining a high current 
for a short period with medium-sensitive measu 
ipparatus may be illustrated by analogy: In the 
mic method of prospecting, a high pressure or dist 
ance IS cre ated for a short time by use of dyna 
If the force of the explosive were to be spre ad 
over a considerable period of time, the low-frequ 
wave would not be measurable at remote points 
present types ol recording or pick p seismomet 


Sufficiently sensitive seismometers could be built. w 


1.1] } } - 

would be capable of detect ng such long-time “ 
bie - ff sis , but tl uld i ha » 
seismic or flexure Waves, but thev would not de } 
tical because the \ wou d respond to parasitic tre! 


caused by wind. trucks. etc.. and increased ground 


$3 + 














Fig. 4. Marine installation, showing apparatus used in geophysical work in 
offshore and submerged areas. 


EQUIPMENT AND PERSONNEL 


The essential apparatus consists (Fig. 1) of (a) 
apparatus for ground-potential neutralization and_ the 
control keys, (6) switching and_ potential-measuring 
apparatus, and (c) power-control panel. A telephone is 
provided (receiver shown suspended in upper center of 
the view) for communication with line men. The appa 
ratus is mounted across the forward end of the truck 
body, on a table back of the driver's seat. The three 
panel boxes shown weigh approximately 600 Ibs. Auxil 
iary equipment, such as reels and field lines, storage 
batteries, high-voltage generator, surveying instruments, 
and plane table, brings the total weight to approxi 
mately 2500 lbs. 

Apparatus and equipment are carried in an enclosed 
two-ton truck, which is leveled at a place near the de 
sired station, and then field reels are connected to the 
instruments by high-voltage bushings extending through 
the truck body as shown in Fig. 2. The outside ends of 
the lines are connected to their respective points of 

isurement, which have previously been surveyed and 
narked with numbered stakes. The instrument operator 
s then ready to carry out his measurements from within 


the truck, 
\pparatus at the end of each field line (Fig. 3 
‘onsists of (a) low-resistance earth electrode. (b) tel 


ione amplifier and ground-current-minimizing instru 
nent, and (c) reel with 2000 ft. of special high-vol 
ge insulated wire. Means are provided for connect 
g successive reels into the circuit as the work prog 
ses and greater depths are involved. The numbered 
take shown in the photograph between the electrod 
1 the set box marks the point of measurement. The 
nemen are told by the instrument operator, via tele 
me, the stake number of the next point of meas 
ment. 
Field personnel varies with topography, brush, and 
er local conditions. Generally eleven men are used: 
nstrument operator, seven ] nemen, two surveyors. 
the crew chief. The field data are caleulated and 
tted as the work progresses and interpretations ire 
le shortly there after. 





Fig. 5. Direction-finding apparatus for loca- 
tions of stations in offshore geophysical work. 


SUBSEA PROSPECTING 


Electrical methods of this type are well suited for 
structural investigations of submerged areas. A view 
I 1 

The three panels shown in the upper part of the figure 


go 
1g 


of the complete marine installation is shown in 


are similar in use to those in Fig. 1. In the lower por 
tion of the figure is the continuous recorder employed 
for the “constant-de pth” traverse described later 
Proper location for the points of measurements or 
stations when working over submerged areas is usually 
dificult. Especially is this true in swampy areas where 
surveying sights cannot be taken for any large distance 
An excellent method for location of stations under such 
conditions by use of radio direction-finding equipment 
was developed. Two low-powered transmitting stations 
are set up on shore. The location of these stations is 
accurately determined and plotted on a base map. By 
means of the direction finder on the geophysical boat. 
rapid location of the stations is made by taking radio 


direction bearings on the two shore stations and plotting 


+ 


the bearings on the base map. Intersection of eal 
ings gives the point of measurement. Proper prior cal 
bration of the equipment must have been made to correct 
for distortion of the radio wave front.” ete. The dirt 
tion-finding apparatus 1s shown in Fig. 5 
INTERPRETATION OF FIELD DATA 

Electrical geophysical literature on various methods 
of treating multi-laver problems to determine the depth 
of contact is. fa rly voluminous. Workers realize the 
mathematical impossibil tv of prope rly treating 5 
problen De A fte r conside rab] si dy hy VaATIoUus 1 it] 
ticians of our staff it was dec ded » base our lal VSis 
the field data on a graphic method. In its simple f 
the method consists in plotting the field data. after < 
ing proper corrections for topograp W t nd 
changes in conductivity w lept S war 
sheets with tl resistan s S g 
Scale ind t id ] let 
dinates (to ] rs Chis res sil graph 
ne ae ss ray rg ' . 
or our d lance elect go obtained i 
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Fig. 


wells Analysis of data from the various stations 
then proceeds in a mnner Similar to that employed in 
relating electrical well logs for mapping the subsur 
f structur Furthermore, the depth-resistivity curves 


work Das lye correlated directly with 


Wwe yest assuming, of course, that both the well log 
nad t | yth-res SUIVITS curves are plotted to the same 
1 Spacing Phe me isurements made at the surface 
t ground will not contain the minute detail of the 
rds made within the well but. the major structural 
| res. or breaks wil bye present on the surtace 
! 5 d v be correlated with the same breaks on 
W , 5 
lig. 6 st st Y ral method of Interpretation 
\ isc of tft depth resistivity curves, The electrical 
is nts were i race n i direction of &. 45 VW 
with the stations arranged as shown in the upper righ 
ind portion of th fheure Che curves from stations 1 


shown in the right-hand 


portion ot 


th figure Corresponding points of inflection are 
labeled with th same letter, as shown. Correla 
on of the various stations PAVE the structural 


profile shown in the left-center portion of the 


Chis work was conducted in Kern Coun 


fiorure 
, 
logs 


tv, Calif ind the of subsequent drill 10 


ire 1] tted on the protile In this area at 


the vertical changes in lithology are small of "C 
ind the geologic section is characterized ¢ 
by lens-shaped beds, with considerabl i 
variation in thickness. The sedimen Un 
tary series here, being close to the ia rl cin a 
source of deposition, shows consider 
ible overlapping of the individual iS. : 
beds and formations, and in general hg Co 
is somewhat loosely consolidated and - 
poorly sorted near the surface. Such r'" 
in area provides a dificult proving 
ground for geophysical prospecting 
Dhe electrical] method VAaAVe thre The'< 
essary detail, and was able to pro 
vide an essentially accurate picture oe 
of subsurface structure. Fig. 7. Electrode 
arrangement, tri- 
When conducting electrical work dimensional sys- & 


of this type the stations are ar tem. 
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:. 6. Indicated structure profile through stations E-1, E-2, E-3, E-4, E-5, E-6, E-12, and E-13, Kern County, Californi 


ranged to allow certain “phantom beds 


iorizons to be contoured throughout the area. ‘I 


tance between stations must be such as will allow 
nite recognition of ¢ yrresponding inflection point 


local 


continuity of 


ind 1S de }) 
throug 


distance varies with conditions 


| 


largely upon the horizons 


area. 
DIP STRIK! AT SINGLI STA 


DETERMINING AND 


An 


the evolution of 


the 


i field proce dure 


important feature of development w 


W hich allow ‘ 


ind strike of the \ irious beds to be determined 


single electrical station. The measurements are 
made by the tri-directional svstem illustrated in | 


} 


] 
ihe three lines of measurement are laid out 120 
ind current passed into the earth between elect 
ind / 


current is thre n passe d bye tween ¢ le ctrode S 


I, and finally, current pas 


tween J, and J,. The po 
measurement move progr 

outward from the station 
ov’ C oas the depth of penetrat 
a increased. By this arrang 


the near-surtace effects ar 
erly evaluated, and suitabl 
made for top orl 


and the anisotropic orope rt 


the strata. Various modifi 

oh hi of this proce dure are eviden 
poe choice being governed by 

: > conditions. Analysis of t 

“aid directional system allows i 

ate determination of the d 

a strike of the strata, and i 
dicates any changes in d 

strike due to thickening o 


or unconformities. 
If desired, the 
be plotted and one or more pl! 
them. Fig. 8 illus 


dips along any particula 
verse may 
through 
the 


trend, as 


horizons drawn 


such a traverse tri-directional s 


The 


“phantom horizon” by 


using ] 
structural shown by plott 
use 


of the comput 


at each station, is in close agreement with t! 
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Fig. 8. Indicated structure profile through electrical stations E-1 to E-10, Bakerfield area. 


wn by plotting the location of a lithologic marker 

suntered in three wells along the line of the geo 

vsical traverse. 

Che tri-directional system is particularly suitable for 

onnaissanece work. It has been used, for instance, 
to determine the structural significance of magnetic 
iighs’’; and to find whether certain magnetic anomalies 
n the San Joaquin valley of California are associated 
with changes in structural trends. Two or three tri- 
lirectional stations properly placed over such magnetic 
inomalies will give the required subsurface dip and 
strike. More detailed work may then be done in the 


reas of structural interest. 


LOCATION OF FAULTS AND FAULT ZONES 


Problems involving the location of buried contacts and 
ilts are usually solved by some type of constant-depth 
raverse. In work of this type, measurements are made 
long a traverse which extends across the area where the 
fault or other discontinuity is expected. Faults and fault 
nes oftentimes are sharply indicated in this type of 
traverse since they are zones of better electrical con 
ductivity. ‘The material in the fault is broken or dis 
turbed and contains a greater percentage of moisture 
in the original undisturbed sedimentary beds. ‘This 
nerease in moisture results in’ better electrical con 
luctivity. 

lhe constant-depth traverses may be of two types: 
1) constant depth below the surface, or (2) constant 
stratigraphic depth. In the first type, the distance be 


tween electrodes is constant and such as. to give the 


desired depth of penetration. In the second, the distance 


etween electrodes is progressively changed as the tra 
rse_ proceeds, in order gradually to change the depth 
penetration and have it vary with the dip of the strata. 


CONCLUSION 


wo years of intensive application of the electrical 
thod described have given ample opportunity to eval 
ite the effectiveness of the method. This work shows 
method to be applicable under fairly wide geological 
mditions, but limited to those problems where thi 
is of penetration need not exceed 3500 to 4000 
Che extreme detail obtained in normal field opera 
m. with readings made at depth intervals of 15 
20 ft.. minimizes the possibility of errors in inter 
tation when working in areas of complicated strati 


aphy. This method differs from prior electrical meth 


S im maintaining an accuracy of measurement and 
erpretation consistent with the small changes in 
lue introduced by the dee per subsurface stratigraphic 


inges, large ly because of the following factors: (1 


minimizing the variation in apparent resistivity with 
time of current flow, by means of a constant time of 
measurement; (2) eliminating the variation in ipparent 
resistivity with density of current flow by systematically 
increasing the total current flowing in the energizing 
circuit as the volume of earth increases with greater 


> 


depths of penetration; (3) development of a graphic 
method of interpretation, based primarily on the depth 
resistivity logs obtained from the surface measurements: 
and (4) miulti-directional measurements, which allow 
evaluation of topographic and near-surface effects 

The method may be used as a supplement to other 
geophysical methods, and when operating as a constant 
depth traverse system, may ye emploved as oa rapid 
reconnaissance method for indicating structural changes 


and for the location of faults and fault zones. 
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Handbook of Meteorological Instru- to be like a newspaper, giving all of papers dealing with this sub 
ments (Handbuch der Meteorologischen tl news, without always distinguish- pearing in the various period ; 
Instrumente und threr Auswertung). ng betw n permanent and transient of necessity assume that the re 
B Julius Springer value. Th procedure however has its familiar with the fundamentals 

by I ‘ tT XV idvantauges in that a number of de- may not always be the case 
pal 69 RM th, 72 RM vice broug} t th reader's at- Following a thorough — the 
ib \ G 1 meteo! tention enabling hin t secure 4 discussion the details of t} 
i ‘ ding t br 1 backeg ind I : field in System are given. Some space 

| ie K i t hand wh n may D ome interested, pro- voted to the methods to be 
A pret Arce of in led that he is not misled by the the reduction of the data obt 
' , ty} neteorologi- m th rd f presentation, In extenuation several types of European colo 
= umen and a ited equip- of the 1ilure to be highly critical, de- to the I.C.l. specifications. Th: 

ent. It divided int ten sections vices which were impractical years part of the book is devoted t 

Sy a irement of the following 1x0 may be of considerable value to- GNA Gt Galonimore® pets 
nt Tempe ture (56), Radiation day owing to the development of a lic : * leg 4 oO Yatlous 

m 1 i (141), Humidity and new material or i new condition of medicine, metallurgy, chemist 

poration (50), Condensation nuclei use An outstanding example of the oe tive LC] — 

nd pre pitatior (40), Atmospherit latter is the radio meteorograph which St: me eee ss i ss eat e 5 , 
pressure (43) Wind (6.), Upper iil san outgrowth of the electrometeoro- re ble at ay capper teas celal 
exploratiot (207) Atn pheri elec graph which was developed in the Belen of Ene colorimetrec prop 
fae z rer (62) Atmospheric optics ind 1870's and which was never very useful many chemicals, minerals, color 
reoustics (49), Tables (6). The num- The handbook is an outstanding indicators, etc., complete the bx 
bers in parentheses are the number of compilation and should be accessible Josern Razex | B- 
D s dev i to the subject. A good to all meteorologists and scientists in- 
ndex included. There are 463 illus- terested in the study of the upper air 

; ns The fact that the material covers Eu- 

The ection on upper air exploration ropean (mainly German) developments 
tal ip 28 percent of the book, which ilmost exclusively does not seriously Radio Receiving and Television Tubes 
bull evidence f the rapidly grow detract from its value. The dissimi- (third edition). By Jamrs A. M \ 

terest and activity of meteorolo larity in our own and European prac- Joun F, Wostret, McGraw-Hill Bo 
gists nd physicists in studying air tice is a stimulant, leading to improve- New York, 1936. Cloth, 512x8%4 
masse cosmic rays and other phe- ment where our own is inferior and to xii+635 pages. Price $4.00. 

na. An outline of this section will a feeling o. satisfaction where our own When the previous edition w 
give a picture of the fine arrangement is superior. W. G. Brompacuer (12.2)-B- lished—state the authors in thei 
€ the ibiect matter and the thorough face “radio receiving tubes tl 
ness with which each topic is covered Electrical Engineering in Radiology. practical sepa had only two, thre 
The tr f the various subjects, By L. G. H. Sarsrietp. Instruments Pub- four elements. With the... inti 
lespite diversity of authorship, is lishing Company Pittsburgh 1936 tion. . . of tubes with five, 
quite ven. which is a tribute to the Cloth, 51%4x8% inches 276 pages Price more elements, combining in one 
quality of the editorship $6.00 ‘postpaid the PueeErene SRAL Were formes: 

This section opens with a descrip- The volume of business involved in formed by _e a more Tunes 
tion of the various forms of the com the manufacture of medical and indus- were made available op = 
monly used meteorographs, Except for trial X-ray apparatus in late years is opportunities for obtaining resu 


the old Marvin instrument, only Eu- 


iments are described A 


ropean inst! 

method f testing meteorographs is 
yputlined The eviewer believes that 
the method is open to considerable im- 
provement. It appears preferable and 
s just as practical to test the thermo- 
graph of the meteorograph in an air 
bath cooled by solid carbon dioxide 


(dry ice) instead of immersing the in- 
in i liquid bath cooled 
i Further, it also is necessary 
to determine the eftect of temperature 
yn the barograph element for the pres- 
sure range of the instrument, instead 
of only at atmospheric pressure as out- 
ined in the handbook. The procedure 





of evaluating a meteorograph flight 
trace is given in extended detail, in- 
cluding an exposition on the derived 


iseful to the meteorologist 


The subject of sounding and pilot bal- 
loons is fully discussed, including his- 
tory, construction, design, theory gov- 
erning their use (such as the maxi- 


i ht which can be ittained, 
ate of iscent, ete.), instructions for 


rology 


yperating ind functions in ae ’ 
Various forms of theodolites for fol- 
wine balloons are adequately cov- 
ered. Kites nceluding captive balloons 


on land and sea, are discussed in ex- 





t ied det from every viewpoint of 
inter ts 1 meteorologist. The use of 
1irp 
' hod 
i! ry 
th xtent 
| ire 
D nt few 
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1, ¢ n 
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considerable and has justified the 
maintenance of active research and 
development laboratories by a number 
of concerns. These have put on the 
market an extensive and diversified 
array of X-ray tubes, rectifiers, trans- 
formers, voltage regulators, condensers, 
cables, control gear, ete. While books 
on X-ray radiology, radiography and 
diffraction have explained the funda- 
mental principles of this art, they have 
had space for no extensive discussion 
of the requisite equipment. Thus there 
is a definite place in the world for a 
book dealing, as this one does, with 
the design, testing, operation and 
maintenance of these devices. The 
author is well equipped to write au- 
thoritatively, as he has had a number 
of years’ experience in the radiological 
research laboratory at Woolwich. He 
discusses a number of tests and experi- 
ments he has made and includes some 
detailed designs of transformers that 
he has built. He is familiar with ap- 
paratus manufactured on the continent 
and in America and has not limited 
the book to British apparatus 

Most of the book is presented in a 
common-sense fashion easily under- 
stood by inyone, only ae relatively 
small portion of the book requiring 
familiarity with the more technical 
onecepts in electrical engineering. 

Research laboratories will find par- 
ticularly useful the full discussion of 
voltage-multiplying circuits and con- 
stant-potential circuits, the data on 
designs of high-voltage transformers 
i ? transformers and bushings for 





Itage insulation, and the dis- 

of operating characteristies 

re numerous references to the 
terature for more detailed accounts 


C. S. Barrett (7.8)-B- 


Color Measurement. Theoretic 
dations and Applications (Farbmes- 
sungen, Theoretische Grundlagen und 
ungen). By Epvarp Hascuex and 
\ ‘ I Emil Haim and Co 
Vienna, 1936. Paper, 654x91 inches, 8&9 

» OS.10.50 








The more general application of color 
measurement ind specification based 
upon spectrophotometri« 
been somewhat handicapped by the ab- 
sence of some single book in which the 


analysis has 


whole subject is reated This book 
ims to fill this demand in that the 

itment gives not only the details of 
the Actual colorimetric standards set 


ip by the International Committee on 
Illumination in 1931, but a >the funda- 
s of the Young-Helmholtz Theory 
hich the system is based. Original 











radio reception that previous 
economically impossible.” The 
refer to the new metal tubes and 

that emphasis has been given t 
strictly modern types of tube i 
their radio, television and indu 
plant applications 

This statement is borne out b 
contents of this book (which h 
entirely rewritten and reset) At 
end of the preface individuals, | 
odicals and organizations are cre 
with assisting in the preparatior 
the revision. Wherefore it is al 
more disappointing to find evid: 
that the preparation has been sli} 
in spots. For example this stat 
under the heading of gaseous 
trial tubes: “In its commercial 
has many names, such as the 
glow tube of the General Elect 
the thyratron of the Wes 
electric and Manufacturing Co., and 
on.” Surely the authors know 
“Thyratron” is the G-E desig: 
and “grid-glow” that of Westins 
and surely, instead of their tar 
ing “and so on,” they might hav: 
others, if only to be consistent 
elsewhere they give elaborate 


\ 





of characteristics and name the 1 
facturers of numerous devices. A 
in describing the operation of 
matic frequeney-control irral 
(page 575) they state, “the spe 


the disk is such that the 
governor correction bears a dt 
proportion to the error in f1 
regulation” although it is obvi 
the context (there is no illustr 


that the shape, not the eed, 
disk is What is supposed to } 
hunting Toward the begintr 


their elementary-principles int 
tion (page 2) they refer twice 
lines to electrons being “evap 
from heated filaments, alth 


know better as they prove or 
93-95 where thev touch upon 
onic emission, secondary em 
plate current. Again on page 3t 
the heading f Power ind FB 
we find the statement le 
energy is measured \ n it 


illed the integrating 


(italies is in book ) wl h 
id me sured by n 
nstrument called hour 
in order to be consistent with ft} 
ceding discussion of power i 
der t be eorre t 
In spite of sprinkling of 
noving slips nevertheles th 


Continued on page A8& 
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Inspecting Parts at Ford Plant 


A Pictorial Article especially prepared for publication in Instruments 





1. The Use of = 
Standards 
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It lett Inspect 
connecting-rod beari 
carried on by this ¢ 
ot operators, using I 
specialized indicators 
example, the devi 
foreground cl 
bearings for diamet 
der conditions sim 
those of actual inst 
tion: it has a specia 
ture utilizing comp: 
uir to hold the bear 
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Po p—General view of the Ford designed 


d built automatic inspector which checks 


pins (at the rate of 1500 per hour 


s 


moothness, hardness, straightness, round 


ss and diameter. 


lhove—First station, where pins, after 

1utomatically cleaned, slide under the 
lle of an acoustic” pick up head. A 
tage audio-amplifier permits the de 


n of microscopic variations in surtace 
ish, and a relay trips a rejection device 
pin is not “perfectly” smooth, 

Right—Second station, where hardness is 
sured by an automatic scleros ope: if 
ess is correct, rebounding hammer in 
epts light-beam for a certain interval; 

is not hard enough, hammer does not 
nd high enough; if too hard, hammer 
past light-beam. 


m—Fifth station, where pins are 
d by diameter and distributed to five 
s 1) oversize; (2) + 0.0001”; (3 


4) — 0.0001"; (5) undersize. 
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Automatic 
Piston Pin 
Inspector 











4. Automatic Inspection of Cam Shafts ...... 
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so tha ere are ten camshafts prog 
ss tl gh the machine at all times 
cl dergoing two or more inspections 
multa s| Shafts are advanced ‘by at 
| Ss I di « vevol When they reach 
| tations the conveyor stops momentarily 
d tomath ters gage their ends, 
ding them rigidly. Then the 25 gage 
ds lo 1utomatically, measure. the 
tts, and ris iain As each shaft is 
df ong to the ext station, it 1s ro 
ted and indexed, 1 ought into proper 
ir position for the next set of gage 

ids. Each gage head energizes two 
ids if the dimensu which it meas 
correct ) solenoid sets the 


rejection mechanism into motio 


that camshaft leaves the machi 
| 


| 
ther solenoid d 


bs the shaft 


er sulphate at the point where it 
S1Z¢ I ndersize. At the outgol 
the machine ire two sets of ele 
camshafts which have 


covered runw 





spection to a leathe 

the ire passed on for further 
ind inspections; the other lifts tl 
ret shaft to a high level rack. ( 
ind solenoids operate on a 25-vyolt 
to insure | lite for the poi 
ready inspection of the points is 
Vv magnifving isses set int 


he ad ho ISINYS, 





Distributor 
ssembly 


a < 


wing to coil and speed of distributor. 


is 


! Lond 


This automatic inspector checks the d 
ributor assembly for spark timing, auto 
matic advance and vacuum brake settil 
nstruments indicate amount of curre 


nt 


6. Valve Seat 
Inserts 


Va r seat mserts ire 1S] t 
width, diameter and flaws | tl 
show vclow 1n a constant-temperat 
spection room, If the insert is too 


] ] 


too small, it falls into the oversize 


dersize container. If perfect in dim 


it falls i hard plate whence—if 


lee 6 et ne 
wy 
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‘athode-ray Oscillograph Auxiliaries 


nth part of “The Cathode-ray Oscillograph and Its Applications” | 


veing published serially in Instruments. This s gan in the July 1935 issue. 


By RALPH R. BATCHER 


Radio engineer; cathode-ray and electronic application specialist, Hollis, L. I., N. Y. 


PHOTOGRAPHIC RECORDING 
OF OSCILLOGRAMS 
(Concluded) 
PHOTOSENSITIVITY OF FILMS 

Much progress has been made recently in the develop 

nt of special emulsions of great utility in photographic 
work beeause of their increased color-sensitivity range, 
but these new emulsions do not possess outstanding ad- 
vantages for cathode-ray oscillographic recording. Since 
the spectral distribution of any particular screen fluores 
cence is rather limited, there is not much need of using 
mulsions whose sensitivity extends to the reds and infra 
reds when the colors to be recorded are in the greens 
ind violets. A super-speed film, however, is faster than 
normal film for the green colors such as obtained with 
the zine silicate screen. Panchromatic films and others 
having similar spectral distribution usually prove no 
better, in the author’s opinion, since they are more likely 
to become fogged by background lights, whereas the 
other types require no special darkroom precautions. 

Considerable work has been done by many investi- 
gators in sensitizing photographic plates in other ways. 
The most sensitive plates at present are the Schumann 
plates, or Shumannized plates. ‘The former are made by 
a process that deposits the light-sensitive salts on the 
plates without gelatine, and the latter type is produced 
usually by some process that removes the gelatine from 
the ordinary plate, leaving only the salts. The sensitivity 
of these plates is much greater than those with regular 
emulsion, especially when used inside of the tube itself. 
Such plates cannot be made by machinery, and must be 
liandled in a special manner. So far as the author knows, 
they cannot yet be obtained in this country. 


SELECTION OF A LENS 

A meniscus lens, made of a single piece of glass, is 
the cheapest type of lens that can be purchased (with 
the exception of a simple magnifying or reading glass). 
The next step is the meniscus-achromatic lens, made 
from two nested lenses of different densities of glass. A 
simple lens will not have a common focal point for all 
colors, so that the combination of two lenses of different 
kinds of glass, so selected that the color discrimination 
is balanced out, wiil sharpen the focus when a number 
of colors are to be transmitted. An achromatic lens will 
do this. The next step is the rapid rectilinear lens, which 
is formed of two lens combinations, with a ‘stop’ or 
light aperture between them. Since such a lens has half 
the focal length for the same diameter, it is four times 
is rapid. The location of the stop, between the two 
lenses, neutralizes out the “pincushion” effect (curva 
‘ure or distortion toward the edges of the image) and 
‘ccounts for the “rectilinear’’ name. 

Achromatie lenses, ground with special curvature for 
nulae which tend to produce a flat field image, are called 
inastigmats. They are the most expensive of the com 
nonly available lenses. 

lor cathode-ray oscillographic work it is not a diff 
ilt problem to select a lens, for several reasons: a single 
olor only is to be transmitted by the lens; this same 

lor is used both to focus the diagram on the ground 


glass and to record on the film, and in addition the ob 
ject is a nearly flat surface so that no great depth of 
focus is necessary. In a permanent set-up such as shown 
the focusing can be carefully done on the ground glass, 
and there is ordinarily no need for changing the setting as 
all distances are fixed. An achromatic correction for the 
lens is therefore of secondary importance. For the same 
reason part of the superiority of an anastigmatic lens is 
not so much in evidence for this service, and for lenses 
of equal speed the advantage seems to be with the R. R. 
type. This type will correct for the distortion obtained 
with a wide-open meniscus lens and will at the same time 
give greater speed. It also is possible to use a cheaper 
arrangement, such as the lens used in an enlarging 
camera, or even a plano-convex magnifying glass—al 
though with the latter some correction will be required 
for non-uniformity of the magnification at the edge of 
the plate. When such a lens is used the stop should be 
placed between the lens and screen, as in this position 
some correction will be introduced for the curvature of 
the sereen. 

In the f/ system of designating lens stops, the open 
ing diameter (the stop designation) is equal to that frac 
tion of the focal length. That is: a lens opening of 0.5’ 
with a lens having a focal length of 4” would be marked 
f/8, which is 4” divided by 0.5”. Or an opening 0.667 
diameter with a 3” lens would be designated f 4.5. 

The distance between the screen and the film will be 
approximately four times the focal length of the lens, 
but this distance will vary somewhat depending on the 
magnification used. In the matter of focusing accuracy 
an expensive lens, such as an anastigmat, does not re 


, 


quire any greater care in focusing than a cheaper lens, 

with the same stop opening but the larger the opening 

with any lens the greater the accuracy necessary. 
MOVING FILM RECORDS 


It is evident from the foregoing that tl} 


moving-film cameras for use with cathode-ray equipmen 
requires the consideration of a number of factors. T 
width and speed of the film are usually determined by 
the demand for a high precision in the measurements 


Since optical amplification (7.e. a reading glass) is a 
ways readily obtainable and since precision is not meas 
ured by the actual deflection but by the ra f s 
diameter to screen diameter, it is essential t 

ray tubes be selected which can be fo us i r 

In gas-focused tubes the problem of focusing is 


the operator, but in the more r 
tubes a great deal depends upon tl pr ; 
facture and upon the design a I 
is found in practical cases that tl f sing W 


factory along at least one axis, even if it . 
to the ends of the other ax’s. [1 ‘ding w g 
films, only one set of plates is 
best pair should be sele« 
deflect the spot to the edges 
distortion. 

It is of course necessary it ST 
In the mirror types of oscillographs 
ire sometimes used, giving g ll] 
conditions inherent with t! 

















Fig. 5 


the spot on the screen is a 


spherical lenses m indators : 
ource of light, from which illumination proceeds in prac 
ically all directions. In the other system, only a single 
pencil of light traverses the optical system. 

A recording camera built by the author and shown in 
Fig. 3 utilizes commercial rolls of 3-em. bromide paper, 
of the type commonly supplied for electrocardiograph 
cameras. Due to the relatively slower speed of this emul 
sion, compared with the faster grades of 35-mm. per 
forated film, only the lower range of audio frequencies 
can bye successfully recorded. The cathode ray tube and 
the controls are located in the wooden cabinet at the left. 
with its sereen facing a lens which is permanently fixed 
in the metal tube at the center. The image is focused on 
the paper roll in the third compartment, driven at the 
' 


i slit and into a magazine which is 


Sp t ds 


required speed peas 
mounted to extend over the edge of the table. 
ranging from 1” see. to 2 ft. see. are usually employed, 
for recording psv hological effects and other ph nomena 

\ commercial ex imap te of a moving-film camera de 
ve loped yy the General Radio Co. has been deseribed 


recently. As shown in lig. tf. the unit consists of lens 


\ \l \ 
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mounting and reels, together with a focusing e\ 
Focusing is adjusted on the film by means of 0} 
through the sprocke t. Various types of motor equ 
are available, giving a range of film speeds fron 
| to about 35 ft./sec. Two motors are normally us 
shown in Fig. 5), respectively driving the main sj 
and the take-up reel. The latter motor is a series 
of just sufficient power to keep the film taut, and 
idjust its speed to the diameter of film on the re¢ 
device eliminates the need of a variable-ratio dr 
tween driving sprocket and take-up reel. The may 
reel has a capacity of 100 feet. Normally 35-mn 
forated film is used, but this camera can be aday 


16-mm. film. 
EXPOSURE TIME 


While ther 


ered: that of recording the transient excursions 


are two distinct problems to be 


spot, and that of retraced diagrams or closed fig 

i single set of rules can be formulated for both. | 
given set of operating conditions the important nu 

cal value to start with is the maximum transverse d 
ol the spot ACTOSS the screen that will give a di 
trace on a film. For recurrent diagrams the correspond 
ing equivalent velocity is equal to the length of the pat! 
of the spot for a complete figure divided by the exp 
tune. 

Some of the factors that must be considered cannot 
be accurately determined easily, but an approximate 
lution can be obtained from a semi-empirical relatior 
that has been plotted in the chart Fig. 6. It is nece 


to know: 
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ee ee 


fe) 


i 


FILM FACTOR (see text) 


—axis 


4 


rt 


uw 


INCHES 


g VELOCITY 
_ 
NM 


+3 50 





4 THE PHOTO RECORDING | 


OF OSCILLOGRAMS 
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Beam energy in milliwatts: kilovolts on anode 
beam microamperes ; 
Film emulsion characteristics; 
Iluorescent screen characteristics (see Dec. 1933 
irticle); 
Desired recording size (magnification); and 
Lens stop. 
n using the chart, lig. 6, it is first Nnece ssary to esti 
the ratio of the size of the diagram on the film with 
veet to the size on the screen, and a value is selected 


} 
the Film Factor scale according to the type of film 
AT ae REL SEMEN co cconeda suapecdasuedapasvantaccackarens Use a factor of 0.25 
VEPI DOIG: OT COREY AICI. cs isesaccsesonccasessstssssrsssicssconekiconess L.00 
Super speed panchromatic sudodacaaauhanantniiencatancadaernsundiusaenta 2.00 


iese values hold for a 1 to 1 record size, and for a 
llemite screen. For other conditions the value on this 
ile must be altered as follows: 





Recording size ratio unity half quarter 


Correction factor 1.00 1.9 25 











For a calcium tungstate screen (such as the RCA 907 or 
908) another correction must be made whereby the value 

again increased by a factor of 2.5 on an average. For 
xample the “Film Factor” with a Verichrome film, with 
he record size one-half of that on the sereen and using 


tungstate sereen, would be 1 1.9 2.0 ay gee 


\ line extended between this value and a point on th 
milliwatt’’ scale equivalent to the product of the anod: 
potential and the beam current will intersect the axis at 
ertain point. Another line connecting this point of 
ntersection and the value on the “Lens Stop”. scale 
qj ivalent to the lens opening used will, if extended. 
nlersect the “Velocity” scale at a point indicating the 
iximum transverse speed of the spot that can be satis 
factorily recorded for the conditions assumed. There is 
no definite rule, however, that is reliable under all con 
litions. This chart will give average values: it was ob 
tained from averaging a large number of experimental 
ind recorded data. The candlepower of the light output 
iries with many factors both as to intensity and th 
spectral distribution. It is usual practice to revise the 
ilue of the Film Factor used if in any particular set-up 
the values assumed give inaccurate results. In fact. it 
sually is easier to make a series of test records and to 
ller the value assigned to this factor than it is to meas 
re accurately the beam energy in milliwatts. 
The candlepower output is not directly proportional 
to the beam energy. In ordinary circumstances the higher 
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Fig. 7 
S MICROAMPERES PER SQ.CM. 


efliciencies are obtained with high-speed electron im 
pacts, that is, with high voltage and low current density 
This is shown graphically in the curves, Fig. 7, which 
show the candlepower output of a normal willemit: 
screen. 

A more common problem, that of photographing 
“solid” figures, can be solved by the same chart, by 
dividing the indicated spot velocity by the factor 50 and 
calling the result square inches. A solid figure is one as 
obtained in certain tests where a diagram is eve nly illu 
minated over its area. If such a diagram is ste idy on the 
screen and the operating conditions do not vary, there is 
no harm of course in increasing the exposure time. 

While this chart is primarily designed for indicating 
the minimum exposure time for a transient, it can be 
used also for steady recurrent diagrams. Thus, if the 
chart indicates that a speed of 500” sec. will produce a 
record, a steady diagram represented by a folded dia 
gram 20” long will require an exposure of at least 
1 25 see. 

lor making daylight records of oscillograph diagrams 
the author has found useful a special camera such as 
shown in Fig. 8: A long cabinet (or tube), large enough 
to contain the 3” cathode-ray tube at one end, has also 
an adjustable lens and, at the other end, a film pack 
adapter and ground-glass plate arranged so that either 
may be set at the focal plane. The total length of the 
cabinet depends on the length of the cathode-ray tube 
and the focal length of the Jens, and to some exten 
upon whether the photograph is to be larger or smaller 
than the sereen. It has been found convenient to use t] 


tube cutoff bias as a “shutter” to control exposure rit 


= 
| 
Si 
Film Pack ens Adjustment b Virb 
Fig. 8 
| 1] t ; +} " Cte 3 } : 
t 1s possible to view he screen trom I} back during 
thre recording interval, for whicl purpose i viewing 


hy od is provided, 


In the design shown, a 2157x3 film pack is ed, 


for a 3” sereen diameter. The lens opening is f 1 
giving ample speed. A power supply is permanently af 
fixed to this unit so that the applic ition of the deflection 


voltages only is necessary in actual use 


CIRCULAR PHOTOGRAPHS 


In the investigation of waveform with cireular dia 
grams it may simplify the interpretation if a cireular 
photograph is made of the figure. The spot may be ro 
tating in a circular path and will show up as a circle o1 
ellipse with the usual photograph. If, however, the film 
is rotated at a synchronous speed in its own plane, the 
spot will either rotate at a double frequency or else will 


ippear stationary, depending on the relative direction of 


the motion. 

The latter condition is of interest. If the original dia 
gram is a true circle, the record is a single spot. An 
ellipse will be recorded as a smaller circle whose diame 
ter is equal to the eccentricity of the ellipse. The figures 
resulting from the presence of higher harmonics will be 
discussed in another article. 

A camera suitable for such a test can be made up sim 
ilar to that in Fig. 8, but the film is clipped to a motor 


driven disk located in the focal plane. 
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Fig. 9 
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ROTATING MIRRORS. 


A rotating mirror is ordinarily of little importance in 
conjunction with a cathode-ray oscillograph, especially 
when used to produce a mechanical time base for visual 
work. In this application the problem is entirely differ 
ent from that usually encountered when mirrors are 
used with other types of oscillographs: the source of 
light with a cathode-ray tube is a primary source and 
a cone of rays reaches all points of the mirror. In other 
oscillographs a single pencil of rays is projected so as 
to be intercepted by the mirror at a single point, and 
the reflected ray is also in the form of a single beam. 

Since the eye is stationary, the process can be de 
scribed with reference to Fig. 9. Here a plane mirror is 
rotated about a vertical axis (at point b) and successive 
ly occupies 1, 2, 3, 
of the mirror reflect) during each revolution. Assume 
that the mirror is in position 1. All points of the reflec 
tion area will intercept rays from the fluorescent spot 
but there is but one point on the mirror where the re 


. once (or twice if both surfaces 








flected ray will reach the eye (as at the point ( 
this point the angle of reflection and the angle o 
cidence add up to the angle, measured at the surfa 
the mirror, between the spot on the screen and thi 

As the mirror moves the apparent location of th 
will move and at angular position (2) of the mirr 
will appear at the center at point b. At mirror pos 
3) the spot will reach the eye after being refi 
from the point a at the opposite edge of the mirro: 
the mirror advances farther the spot will no lo: 
reach the eye, until a reflection surface again rea 
position 1. Actually the spot appears to the eye t 
moving across a non-physical plane p—p, which 
be assumed to be normal to the plane which includes 
axis of the mirror and the eye. That is, the spot ap) 
ently moves from C, to b to a). 

As the spot on the screen is deflected in a direction 
perpendicular to the page, this same motion is projected 
in such a way that the eye will see the wave-form spread 
out with a time base, which may or may not be linear, 
depending upon relative distances between the ser 
the mirror and the eye. This method is rather inefficient 
with the light since for a relatively large portion of th 
time the ray is not projected toward the eye. Some im 
provement is obtained if a multi-sided mirror is used, 
with all faces equidistant from the center of rotation 

A similar analysis will show that this method is. un 
suited to photographic recording as well, without th 
inclusion of a properly focused lens either in the path 
between the screen and the mirror or between the mir 
ror and the recording film. Since a short focal length 
lens is necessary in order to increase the light transfer, 
some difficulty will be experienced in getting accurat 
focusing on the mirror surface. 

The mirror is preferably of polished metal without a 
glass facing, to eliminate multiple reflections from th: 
double glass surfaces. Since the spot is visible for only 
a small portion of a revolution the mirror need not b 
rotated faster than one revolution for about twenty 
cycles of the wave-form under investigation, but t! 
speed should be synchronized with that wave so 


that 


successive traces are superposed. 
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Automatic Control of 


oltage and Current 


first instalment of ‘‘Electrical Measurements and Control.’’ This 
34 issue. See announcement on editorial page of November 1913 issue All 
vy the authors 
By PERRY A. BORDEN and M. F. BEHAR 
Member A.I.E.E Editor, Jnustruments 


1. Introductory. 


In the opening paragraphs of this series it was hinted that since the general 
ect of “Electrical Control” was one of electrical engineering rather than 
ctrical instrumentation, our treatment of automatic control would be con 
| solely to the automatic regulation of the measurable and purely electrical 
ignitudes such as voltage; and would not include any of the manifold apph 
itions of electrical methods of controlling non-electrical magnitudes and 
nomena. Even the automatic control of measurable voltages and currents 
(to say nothing of frequency, synchronism, etc.), is in itself a subject so 
broad and so ramified as to justify a much lengthier treatment than can be 
logically allotted to it here; so that it will be necessary to restrict the discus 
sion to a few descriptive statements regarding the outstanding practical 
methods whereby electric voltages or currents may be caused to attain and 
maintain predetermined values. 

Though the essential principles of automatic control as set forth in Part 
One’ may be looked upon as universal, the problems attending the regulation 
of electrical magnitudes are in general quite different from those involved in 
controlling temperature, flow, liquid-level, speed, illumination, hydrogen-ion 
concentration, and other physical and chemical variables encountered in indus 
trial practice. The prime objective in the automatic control of electrical mag 
nitudes is in most cases that of maintaining a constant value of electromotive 
force at the terminals of a source of electrical energy or at some predeter 
mined point in a circuit supplied from that source. 

Self-regulating properties may be incorporated in the design of direct 
current generators to the extent that a desired voltage characteristic as related 
to load conditions may be incorporated in the machines, and by suitable de 
sign of their electromagnetic systems, made adjustable to meet a wide variety 
of conditions without the need for accessory equipment. These features, in 
volving the proper proportioning of shunt and series fields into compound 
windings, are essentially elements of electrical machine design, rather than of 
instrumentation, and will be found fully discussed in elementary textbooks on 
electrical engineering. 

The incorporation of self-regulating features into generating machinery does 
ilways give the desired degree of flexibility, nor does it provide for 
changes in the speed of the prime mover. Again, on large machines, the cost 
entailed by the addition of series field windings may become a dominating 
figure and justify a considerable expenditure on automatic control equipment 
to permit limitation of the exciting circuits to a simple shunt winding. Alter 
nating-current machines are not inherently self-regulating, and the first appli 
ation that suggests itself lies in the provision of accessory equipment to ac 
omplish this result in response to (or in spite of) extraneous variables. This 
oblem has been recognized since the earliest days of electric power applic: 
ns, and innumerable solutions have been offered. Many of these have been 
unently satisfactory, and up to the advent of the thermionic tube sucl 


t 





s 
s 


ns had become well standardized and were available in forms to suit almost 
type and size of installation. Recognition of the properties of the vacuum 
and of the dry-type rectifier has led to simplification in self-regulating 
's, so that the art may be said to be a: 


ain in a transitory state; an 
t Pp’_eErY ic 3 ] ] 11 7 
st every issue of the electrical engineering periodicals discloses new instru 
nto! sf ‘ 4 

tal methods of effecting regulation. 


\nother aspect of the problem, wherein there exist many opportunities for 


Nromice } > ee ~} . 1 ] ment £ eaqislating nn 
romise between machine design and the devel pment of reguiating appa 
ntals of Instrumentation, Chapter III 
ERRATUM. In the last instalment a line of type was dropped out of the last 
ence It should read: “ one may be assured that something is seriously 
ong and that the instrument should not be used until it has beer epaired 
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ratus, 1s that of feeder voltage regulation: and here again is to be four 
Many of the new developments in electrical regulators are thus 
discoveries or advances in other branches of science and technology; 
them, however, owe their appearance to the spread of Instrumentatior 
idea of associating control with measurement, to Instrumentation’s 
that before a condition can be controlled it must be measured, to Instr 


| 1 1 
ion’s challenge that whenever a variable has been made measurable 


Classifications. 


Because the art is in transition at this time, any comprehensive classi{ 
is doomed to a brief useful life—especially in view of the fact that the 
tion of classes and types, and of various component elements, must ther 
lergo revision with each advance. There is no definition of “rem 

e satisfactorily as the basis of a permanent scheme of 
cation; and the difhculty of defining various component elements is illu 





Which oe ee SeT\ 


hy the term tana tube” which, through the force of usage, cover 

newer gas-filled tubes whose characteristics (admirably suited to many 

matic-control uses) cannot be obtained under high-vacuum conditions 
The variety of methods whereby different mechanical, electromagnet 


] 1 


lectronic elements may be embodied in a single regulator would make ; 


plete classification into mutually-exclusive categones too complicated a 
M4 ] - >> 
as too impermanent. So would the variety of mechanical, electromagne 
lectronic phenomena or principles which may be utilized in a single re 
a & = b 7 T z 1 
To be sure, there are other conceivable schemes whereby all regulat 
be classified into mutually-exclusive categories. For example the schem 
Class I—Regulators without moving parts 
( i—F ( v \ parts 
11] - ore eae eee ee Q 
Ould De used as a Starting-point, Dut 1t obviously 1s not Dased on su 
1 1 
imp 1 t siderations for classifying complete regulators. How 
S S iSSIT\ go the I suring elements of regulators 
sma se of it below 
] 
.\ issincat on the basis of the ctrical magnitudes to b tut 
ited suggests itself: There are t only automatic voltage and 
} t t | nad-limitino loxire are 
I i Ss vutomatic | ind-limiting devices, automatic sync 
1 1 
t lene reg ilators for ndustnial plants and automatic f1 
Be ; 
rs for proadcasting stations, and so on This 1S the most |og1Cca 
but essential similarities preclude here a comprehensive treatment bas 
: : : ; 
Our main discussion will deal with voltage regulators, and 
f descriptions of other regulators, without touching upon 
dex Practically all principles to be discussed as utilized in 
1 . ] Loud Id hi | 
it I are Lp} caDdle to urrent reculat m put are seiag@om UlLINZea 
st 
There follow three groupings, more or less arbitrary, not to be look 
’ 1 a 1 + 
Hviding regulators into scientific categories, Dut providing a sort 


venient “table of contents” of the subject. Automatic regulators may h 
: ; 
to any one of these three schemes 


(A) The combination of the electrical magnitude to be regulated ( 
treatment, voltage or current) and the point in the system at which reg 





Notes. (1) It is obvious that regulation will be effected either in the generat 
some point between the generator and the point of utilization of the power. (- 


] in 
erator current regulators (automatic > ave < ynceivable but non-ex!i stent since 


\ wwe is the universal requirement: even “feeder” (or “app cm ation’) current 
lators are seldom met with outside of constant-current lighting systems, furna 
yatns, etc 


(B) The measuring element. Primary or sensitive elements which con 
the operation of voltage or current controlling devices in regulators n 


1] 
grouped as follows: 











Type 3. Saturable magnetic circuits 





ss I]. STATI Type 4. Electronic devices; 
Type 5. Circuits utilizing non-linear resistances 

(1) Kinetic (or dynamic) elements are those with moving parts: and the tert 

ers ft course to absence ot mechat ical displacemet ts, not t t] e use of elect! 

ces. (2) All practical embodiments of kinetic measuring elements in automat 

s corresp ind to electromagnetic types of ammeters ind voltmeters. so that 

which covers thermal elements, electrostatic elements, etc., is seldom met with 
) The controlling element. Actual final regulation of current or voltage 

” . Lave + 

effected by control devices commanded by the measuring elements and 
ting on one or more of the following principles: 

, Zee = 

<CITATION CONTROL 2 Rheostatic: 


3 Electronic: 


’ 4 “Boowing” and “Bucking _ | MOISTURE TELLER 


' 
rs th FR CONTROL 5 Reactive | Rapid and accurate moisture 
lotermtiy T1wnNns ¢ 1] YY 1] 
6 Bridge networks determinati ns Of all gra { 
and fibrous materials 
ibove. triple-scheme classification is admittedly incomplete: and for re | 
; i| t r1ple-sc Se Che Ce ac ed! pare plete, and I rea Drying temper iture may . 
| ] ] . in. «ae Ne y wom i P . es 
J s already given the various types of regulators cannot conveniently be di controlled 


ed in the order of any of the groupings; yet, in the treatment which — | Moisture Teller will out-pet 


Wil 
ws, a definite attempt is made to discuss the different kinds of regulating 


Over ext nd d 
ces and systems in a logical sequence and, as far as possible, 


form drying 
1 
In natural 


lation 


3. Control! of Generator Voltage. oe 
Write for Literatu 











In some early forms of dynamos (and in some modern units of small sizes sss aig , 
pecialized designs) control of terminal voltage is effected through varia Harry W. Dietert Co. 
the number of active armature conductors, by automatically changing 676 A Wea Geand Bivd. 
sition of the brushes on the commutator. In general, this practice is in Detroit, Michigan 
nt and likely to introduce more problems than it solves. The almost unt 
method of controlling generator voltages at present is to alter the valu 
magnetic flux in which the armature windings operate, by alter 
irrent flowing in the exciting windings. The oldest, and probably th 
common, way of doing this is by adjusting the resistance of the field 
ind it is toward the regulation of this resistance that most of the sy 
f automatic generator voltage control are directed 
It will be observed that the sensitive elements of 


t 
hed 


upon field excitation are of the type in which the mechanical reaction 
lectromagnetic device is utilized 
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(a) The Simple Rheostatic Regulator. 


Early developments in power plant equipment included a number of ; 
automatically adjusted field rheostats in which a traveling contact a 
ved by a power unit governed by the voltage under control. It is ¢ is 
1 main field rheostat of a generator is thus controlled, the 
ratus necessary for large units would be cumbersome and slow in actior 
ly, lern practice such systems are seldom used except on t 
rs of small alternators. An early form” of rheostatic regulator of tl 

The small wheel at the : S 


leveloped by Thury is shown in Fig. 48-1 
driven slowly from the shaft of the engine. (This regulator antedates 
supply of small motors.) The magnet coil seen on the left is excited f1 
voltage to be regulated, and throws into gear one of two bevel wheels h 
ict to drive the rheostat according to whether conditions demand an 11 

ra decrease of voltage. While this seems a crude form of automatic re 
today, its mechanical principle is retained in a modified form, and in cot , 
tion with more refined control elements, in a number of modern regu 


] 
UeVices 


(b) The Oscillating Regulator. 


An interesting controller of wide application, also due to Thury, is that 
shown in Fig. 48-2. A fixed coil F and a movable coil B on a common magnetic 
circuit form a measuring element, causing a lever E, carrying a small toothed 
detent C to move above or below a balance position, as determined by a 
brating spring A. A rocking lever D carries two latches or pawls I and I’, 
normally held in their topmost position by tappets K and K’, the whok 
caused to rock continuously at about 100 strokes per minute. When thi 


age or other magnitude to be regulated is at its normal value the lever E is 
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Fig. 48-2 


y sti 
held in a position where the tappets clear the detent. When a deflectior 


} L ge ‘ 
place, one of the tappets is engaged and the corresponding pawl throw 


| | : +. i Soe | 
engagement with the toothed wheel H, so that the wheel will be adv 
during the oscillation of the lever, and by a direct mechanical connecti 


angle. A gear sect 


: Spores Aas : cae anes 
the arm of the field rheostat through a correspon 


acting upon the balance lever E through a dashpot N and a spring R 
to restore the balance and prevent over-control. Fig. 48-3 shows a dia 
this form of regulator directly connected to the main field rheostat ot 
to! 
In European practice the oscillating mechanism has been widely ay 
the automatic regulation of feeder voltages by multiple-tap transfor 
duct regulators it for power plant practice has to a great ext 
replaced by simpler and faster devices. (This for f regulator, h \ 
1.1 1 1 
is considerable us the cont f carbon electrodes in arc ft es 
? 
Héroult type.) The most mode European practic kes use of hyd 
ly operated field rheostats commanded through relay mechanism by \ 
sensitive units of the electromagnetic type i unner similar t 
1 speed gov irs. The best known of these is probably the “Re> 
\ SpA Ul A i u L Al \ Lilt if | | 
it supplied by Cuenod Switze id. shown diagramm it 
4\-4 
U.S P N R. Thury, A g 
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(c) Recent American Rheostatic Regulators. Photo Electric Cells —“Electrocell’’ 


\ representative line of modern rheostatic regulators, available in both a-c Special Apparatus Built t 
1 d-c. forms, is the General Electric “FA” line, the regulating mechanism yo . 
ontrol head” of which is shown in Fig. 48-5. Excitation is controlled by ~~ _R AW sO N ’ 
matic adjustment of the field rhe z ‘oupled with the tion of high ELE¢ PRICATI INSTRUMENT CO. 
" 4 ‘ (me ( le Neid rheostat, cOupled with the actor I I is! Cambridge, Mass. 
d relays which under extreme conditions cut in or out the entire regulat ow a are ae ae 
resistance in the field. The voltage-sensitive element is a torque motor re- | Representative: E. N. Webber, 





1217 Washington Boulevard, Chicago, II 





nsive to circuit changes, and having its pull balanced against that of a 
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} ] . 1 . . 1 

helical spring. (See also Fig. 48-6) Two pairs of contacts, carried by tl 
: ) : > 1 ] 
Combines in one instrument a stan t this motor, are positioned to embrace a contact wheel continuously 
1 F ; Pes doe ' | 1 r 1 1 
dard Kelvin Bridge and a standard by a Telechron motor. A magnetic damper prevents oscillations of th 


+} 


Wheatstone Bridge for measuring 


motor. The contact wheel has two elements, one notched, and the 
resistances from 0.00001 ohm to 11 - 
megohms tinuous. As long as the generator voltage remains constant (within 
normal) the torque motor is balanced, and both pairs of contacts at 








Send for Bulletin 637-H engagement. Upon slight changes in voltage, one of the main contacts + 
describing this instrument the notched wheel, and a notching relay progressively advances the fie! 
stat in the proper direction. When large variations of voltage occur ( 
SHALLCROSS MFG. CO. the continuous periphery of the wheel is engaged by one of the | 
COLLINGDALE, PA. contacts, whereupon relays act to cut all the regulating resistance int 
f circuit, giving a maximum rate of response 
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he Rocking-contact Regulator. 











cking-contact type of regulator, originated in Switzerland by Brown . 
and produced in America by the Allis‘Chalmers Co., represents Announcing ear 
re 


modern refinement in the regulation of generator voltage by direct 


ent of the field rheostat. Fig. 48-7 is a diagram of this device in its TH E S | GM A 


tary form. The exciter field rheostat, indicated at g, actually forms 


contact structure, an integral part of the regulator, as shown in Fig. | S J NS | T | VE R ia LAY 


} 
[he stationary contacts, to which the resistance coils are connected, ar 
thout a circle in two or four rows, depending upon the size of th 
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ard 5-prong tube socket. 























itor. The inner face of these contacts is provided with a V-shaped groovy 
erves as a guide for the moving contact-sector S. The latter has a con A usetul adjunct to 
face curved to a radius smaller than that of the contact circle, and term1 V.T. controls 


Supervisory and alarm circ 

ward the center of the circle in a steel point resting in a jewel cuy upervisory and alarm circuits 
; ' Signalling 

inted on a leaf spring, so that the contact sector is firmly pressed into rock 


yagement with the contact circle. The leaf springs are carried on a rotor SIGMA INSTRUMENTS, INC. 


lle, so that the cups 1n which the steel points are pre ssed may rotate about | 388 Trapelo Road Belmont, Massachusetts 


pindle a short distance from its axis, through an angle of about 60 de 








s. Thus, as the spindle is rotated, the contact sectors rock on the stationar' 
t circle and connect into circuit, according to their position, more ot 


of the field rheostat coils. Torque is applied to the spindle by a split 


| ai | 

motor (or, in smaller sizes, by a solenoid) energized from the line and — | Th “STANDARD” 
sed by a suitable spring, so that the position of the sectors is directly sub | € 
} 


OR t to the veltage. Overshooting and excessive fluctuations are prevented by | ELECTRIC STOP CLOCK 
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er 


rmanent magnets M and driven from a gear quadrant S, which ts in turn 30 DAYS FREE TRIAL 
cted to the main shaft by a flexible spiral spring. g. The device is so Write for our 30 day free trial 
rtioned and adjusted that the initial movement of the sectors effects an offer, literature, prices. 
regulation on the exciter field current sufficient to overcome the inherent 
tia of the electromagnetic system, after which the action of the magnetic 
per allows the sectors to come to rest in a position corresponding to cor | The Standard Electric Time Co. 
excitation. Where several small machines are operating together it is pos | SPRINGFIELD , MASSACHUSETTS 





to segregate the contact sectors and associate individual rows of contacts | 
} > ‘s >} 
the fields of respective units 
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(e) “Carbon-pile” Regulators. 





For the control of small generators operating through a wid 
speeds or under conditions of extreme vibration, the so-called carb 
nection with suitable voltage-responsive compressive means, | 
simple and effective voltage regulator The contact resistance of 
arb graphite plates undergoes a marked variation with the n 
ressure to which the stack is subjected. An assembly of such plate 


nected in series with the field of a generator and placed under pr 
ressure from a lever operated by a solenoid or by a torque 


ergized frem the voltage to be regulated. Any change in voltage 
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quick ind smoothly adjusting the volta 
1 ] 
, t > ot \ 
tors are used for voltage control of 
, an y yr ' 
Vy 1 ing d-c. generators, sync 
torgue-motor primary-element fy pe 
General Electric Co. Its rheostat is ) 
: ‘ . : 
y shaped silver contact strips to reduce the operating pressul 
P 1 7 ‘ 
rT wr n> + i¢ + y + y 
Ls aler G.E. press rheostat voltage reguiat \ 
‘ , , ' 
S1\ gd I ostat-compressing elem tin the rorm tas Gg 
f ¢ ¢ ' Be . +] fot. 
A eresting carbon pile regulator is built by the Safety Car H 
vh¢ = ‘ rt + eeiiit +t } ] shod Q 
Lighting Ci ut, on account of its circuit, 1t w xe described 
(f) The Vibrating Regulator. 
7h tT ¥ ] ¢t los ' ; ~ + t ~ + 
I Vil g reguiator de pends I ts erat 1 I 
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egulator as developed by Tirt s show Fig. 48-12 wh t 
- ' 7 + 4 < 
ts are desig d. The actx e reg sas 
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The vibrating regulator has found almost universal application in modern 
practice; and an elementary diagram of an acc. installation is shown in 

Fig. 48-13. The main contacts of the regulator, instead of working on the gen 
erator field, act to short-circuit the field of the exciter, thus not only permit 
ting a much lighter design, but the elimination of possible voltage ripples due 
to the pulsating action of the contacts. It will be observed that both the main 
ntacts are movable, one being subject to the a-c. voltage to be regulated and 
the other to the terminal voltage of the exciter. The vibrating action of the 
main contacts is established by fluctuations in the exciter voltage, these being 
damped out in the a-c. voltage by the field inductance of the main generator, 
so that the contact controlled by the a-c. voltage tends to position itself rather 
slowly, and thus to control the durations of impulses established by the vibrat 


1g contacts. 
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Fig. 48-13 


Compensation for load is shown in the diagram, the a-c. magnet having an 
ixiliary winding fitted with taps and energized by the line current. By select 
the proper tap on this winding, there can be added to the effect of the 
tage coil a reaction which may be made to provide compensation for line 
p and maintain a desired voltage at any point on the system supplied. By 
ng the two windings a common magnetic circuit it is possible also to in 
Je in the regulation a compensation for load power factor. This is accom 
shed by connecting the voltage and current windings to the system in such 
nanner that at unity power factor the currents in the two coils are in 
idrature, and at zero power factor in phase-opposition with each other 
us the controlling action tends to increase with lowering power factor, 
ler which conditions greater excitation is required 
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D1S2 Micromax Thermocouple Py- 


rometers, 52-page Catalog N-33A, writ 
ten in simpl non-techr il inzuage 
ind well illustrated, explains the po 
tentiometer method of measurement 
ind the peration f mechanisms 
through which s | Ln¢ n hod is 
made ivailable t ndustry rt new 
Silver-Annive! \ Micromax d 

scribed in det l Set forth for eady 
omparison is the complete Micromax 
line: appropriate models to indicate, to 
record, to signal, to control or to per 
form these functions in any desired 
combination. Included also are data on 
ouples, accessories, supplies, ete. Leeds 
& Northrup Company $955 Stenton 
Avenue Philadelphia P 


D183 Hydrogen-ion Meter. i-page 
folder describes the new Beckman pH 


glass electrode meter Specifications 
and prices are included. National Tech 
nical Laboratories, 3330 East Colorado 


St., Pasadena, Calif 
D184 Round Chart Electric Recorders, 


4-page bulletin No. R covers round 
chart electric recorders for remotely 
recording humidity ind temperature 
Julien P. Friez & Sons, In Baltimore 


St. & Central Ave Baltimore, Md 

D185 Polariscope. A polariscope for 
testing strain in glass which will ae 
commodate glass vessels up to 1 gal- 
lon bottle size is described in a 1l-page 
folder of R. Fuess, In 245 W 55th 
St.. New York City, N. Y¥ 

[186 Lenses, Prisms, Mirrors, 2 page 
Catalog D-10 lists various type lenses 
prisms and mirrors as well as quartz 
optical parts. Bausch & Lomb Optical 
Co., 615 St. Paul St., Rochester, N. Y 

DIS? General Radio Experimenter. 
The May 1936 issue of this house organ 
describes a precision tuning fork and 
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gives winding data for Type 677-U and 
Type 677-Y coil forms. It also includes 
annual index for Volume 10; June 1935 

May 1936. General Radio C 30 State 


St., Cambridge A, Mass 

D188 Surge Protector Arc Suppres- 
sion Products. A 4-page Folder 1436 
describes these units and gives oscillo 
grams. Sundt Engineerin:s or 4238 
Lincoln Ave., Chicago 

D189 Controller for Temperature, 


Liquid Level and Pressure. | 


No. 444 on é ew Mods ' 
ty pe controller for + re i 
level and pr 
ciple of operat 

rning its pplication. T 
Co Waterbury e 

[D190 Silver Anniversary Micromax, 
Leaflet h-N \ . r i ’ 
wh } win ra Views 7 A . ¢ 
t} w S A? 
Leeds & N rut S 
Philadelp 

(0191 History of the Measurement of 
Length. | m Ne 7318 nt t 
ub t. dig 1 
ind d Toha a uf 
tor Co Dearborr M 

[1192 Orfffice Meters, Pub tion 209 
jescribes nd ] we ts +} ceil dl mle 
yf operation of the new 
fice meters. Cochrane ¢ rp 4 gchenvy 
Ave. & 17th St., Philadelphia, P 

[193 Testing Machines. A! 

ently issued Baldwin-Southw 
l it ns : s £ I ‘ ) 
on the S thwark-H ie} Sie Z 
M hit tra y s qd . 
plain Z t | neil j 

} I I @ spring. I } c 
wark Corp., PI idelpt I 

[1194 Temperature Controls. 4-paxge 
Bulletirz n Model D for temper ture 

om 50 t 1400°F nd flat . M j 
H wt é it I t 
strument ¢ 41S 1g iA New 
ark, N. J 

D195 Refractometers. 

ru I-20? cover theory lesigr ind 
ip i f } ; 
Tr) bes } A} j Vir g 
idé 3 i I . 
Op i St } ~~ I + 
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Weighing Eeprene. Rik ea nter ne of regulator circuits and of individual regulators « 

t ph be elaborated to provide for a predetermined 
Mg nr tp eee ion of nts or loads among units, and to meet many other cor 
mit O} a power generating system Two decades ago, wl 
pera regu C1 Icy Wi ward a large number of relatively small units in a singk 
lesigned f ! ] 


remperature Regulators, 


systems O ation Cor were developed 


itr 
f large units, the voltage control systen 


complicated. One of the many forn 
regulator is the G.E. Type TA shown in Fig 
‘Ss Thwing’s Foundry Visitor. 
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(g) Exciter-rheostatic Regulators. 
the vibrating regulator and the rheostatic regul 
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in the exciter-rheostatic regulator.” A motor-driven rheostat 
adjusted by variations > regulated voltage: but its re 
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As the motor-driven rheostat subsequently reacl 
a oe eee eo point corresponding to the required new setting, the instantaneous ¢ 
ceonsec aircratt sextant ire ré © anticipate further demands for regulation. This device fi 

: eater. N. % 
Mercury Switches. 


stations of large capacity, particularly wher 
is demanded. Fig + shows one form of the Wes 
mer tel Durak he exciter-rheostatic voltage regulator, and Fig. 48-16 shows its 
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